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The rapidly increasing density of air traffic has created a demand 
for instrumentation to reduce the possibility of air catastrophes due 
to collision. The incidence of reported near-collisions is now estimated 
to be over 1000 per year in the United States, and represents a serious 
threat to the future growth of air travel. 
For the past year, research has been conducted by NASA and the 
Research Triangle Institute to develop techniques for evaluation of 
collision warning systems and to determine the characteristics of the 
operational environment. Actual aircraft traffic data have been obtained 
by the FAA from the radar system at the Atlanta Airport. These data 
have been analyzed to determine encounter statistics which would result 
with various forms of warning criteria. 
This report reviews the definition of several proposed warning 
criteria and presents the results of the statistical analyses of the 
data. Probabilities of encounter, encounter rates, and average encounter 
durations are determined for various definitions of the encounter. 
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A STATISTICAL EVALUATION OF AIRCRAFT COLLISION-HAZARD 
WARNING SYSTEN TECHNIQUES IN THE TERMINAL AREA 
This report presents the results of a computer study of the encounter 
statistics resulting from the application of various proposed collision- 
hazard warning criteria to a data base consisting of the recorded flight 
time histories of aircraft in the Atlanta, Georgia, terminal area. 
Probabilities of encounter, encounter rates, and average encounter durations 
are determined for various definitions of an encounter such as range between 
aircraft or estimated time-to-closest-approach. 
I. INTRODUCTION 
The requirement for air-derived, collision-hazard warning equipment 
for use by general aviation presents a difficult design problem in that not 
only must the equipment perform with relatively low error rates, it must 
also be produced at an economic level suitable to this class of user. For 
such a system to be satisfactory, it must be capable of operating in the 
dense traffic existing in andnear the terminal areas. It is necessary, 
therefore, for any proposed system to provide sufficient discrimination 
between hazardous and non-hazardous intruding aircraft such that the 
encounter rates are'within acceptable limits in terms of pilot work load. 
This discrimination must be obtained in a form suitable for relatively low 
cost implementation. The encounter statistics can only be determined by 
the evaluation of the discrimination or warning criteria in a realistic 
environment. 
The purpose of this report is to provide a definition of the environ- 
ment in which such systems must operate, and to present the encounter 
statistics which would result from various forms of warning criteria. This 
information permits the comparison of the merits of the different warning 
criteria that have been proposed, and indicates quantitatively the discrimina- 
tion provided by various supplementary measurements. The statistics were 
derived from data obtained by the FAA, describing the actual flight time 
histories of aircraft in the Atlanta, Georgia terminal area over a 12 
hour period. 

II. WARNING CRITERIA 
A. DEFINITION OF TERMS 
A number of warning criteria were investigated in this study. All 
of these were functions of various geometrical and time considerations. 
To define the functions employed, it is desirable to review the geometry 
of a two aircraft encounter. Figure 1 shows an encounter situation 
between two unaccelerated aircraft. The position of the protected and 
intruding aircraft are the points P 1 and P 2, respectively. The dotted 
aircraft represent the positions at some time T later at which time 
the aircraft are at their point of closest approach. il and G2 are 
velocity vectors for the aircraft and r represents the relative range 
- 
vector. The relative velocity ;l - G2 is represented by the vector v. 
The projected miss distance, assuming nonaccelerating flight, will be 
the quantity r 
0’ 
It can be seen from the figure that 
= R2 - (W2, 
where 1;) = R, ];,I = Ro, 151 = V, and 'I is the time to closest approach. 
The projected miss distance (Ro) can be written in terms of the range 
and its derivatives by noting that R 
0 
and V are constants, differentiating 
R twice in eq. (l), and eliminating T and V to obtain 
(1) 
R,’ = R3 i; . 
'i R + fi2 
Similarly, the time to closest approach (T) is obtained from eq. (1) and 
the derivatives of range as 
(2) 
T=- RR . 
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Fig. 1. Two-aircraft geometry for unaccelerated flight. 
Here T is the projected miss distance and has 
a magnytude given by the equation shown. 
Other useful geometrical quantities are the relative normal velocity 
magnitude Vn and the distance d as shown in Fig. 1. From the figure, we 




Substituting (l), (2) and (3) in (4) and squaring gives d in terms of 
the range and derivatives as 
d2= R3X 
i2 





where -c = R/R. 
The normal velocity component, V n = Iv,I, is related to the range derivatives 
as 
(6) 
It is possible, therefore, to describe the most significant quantities 
for nonaccelerating flight in terms of the range (R), and its derivatives. 
The quantities d and T are reasonable estimates of the miss distance (Ro) 







B. BASIC PARAMXTERS INVESTIGATED I 
The warning parameters investigated include several of those proposed 
in the literature and in various industrial and government studies. It 
is, of course, desirable in practice to use the simplest threat-indicating 
criterion that proves to be satisfactory. Possibly the simplest criteria 
that has been considered is that of proximity only, where a hazardous 
encounter would be defined by R < -5 3s where is a constant chosen to 
provide the desired protected volume. 
. 
TAU, or the approximate time-to-closest approach (R/R) has been 
proposed as a warning criteria by several investigators [ref. 1,2] and 
is recommended as a warning criterion in the ATA specifications for a 
collision avoidance system [ref. 31. Using this parameter, a hazardous encounter 
is defined by T < T k' where T k is selected to provide the pilot with 
sufficient warning time to avoid a potentially hazardous situation. 
Another form of a tau warning criteria is being investigated which 
weights the warning time as a function of range. This criterion defines 
a hazardous encounter by R2r < f3, where Bk is a constant. 
In reference 4, accelerating flight is considered. It is shown 
that the set of all aircraft that can reach a protected craft's position 
in a time less than a given time T mk' using a relative acceleration no 
greater than a given acceleration U, have values of relative range (R), 
range rate*(R), and normal velocity (V,), which satisfy the equation 
(9) 
for some t between o and rmk. It is also shown that the best approxima- 
tion to this set, using range (R) and range rate (R) only, is defined 
by 
U'mk2 R+RT~~( 2. (10) 
Note: In eqs. (9), (lo), and (11) range rate is negative for 
decreasing range. 
6 
This relationship then leads to a warning criteria designated as the 
"modified tau" criteria, with an encounter defined by ~~ ( Tmk 
where 
= ;z + (i2 + 2UR) 112 
T --- . m U 
(11) 
C. ADDITIONAL DISCRIMINATION 
Consideration has also been given to the use of two simultaneous 
requirements in the warning criteria. Altitude separation is a logical 
choice of an added measurement to provide false alarm discrimination. 
Thus, added discrimination of the form /AAl 2 AAk has been investigated, 
where AA is the measured altitude separation between a pair of aircraft 
and AA k is a selected constant. 
Since it may be feasible in some cases to implement measurements of 
relative elevation angle (ae) to the intruding aircraft (relative to 
local horizontal) in lieu of relative altitude measurements, the 
combination of elevation angle with the basic threat-indicating criteria 
has also been considered. 
For warning criteria based on approximate time-to-closest approach 
(TV and RL7), additional discrimination against false alarms can be 
obtained by measurements that permit an estimation of the minimum relative 
range over the duration of an encounter, or the projected miss distance. 
The approximate miss distance (d) can be written in terms of T and 
relative normal velocity as 
d=Vn T. (12) 
Hence, a criterion based on 
dk 
T < T -k andV < - n- .'k = 'nk 
(13) 
L where T k and d k are selected constants, will provide a warning of approx- 
1 imately ~~ seconds only for those aircraft for which the approximate 
miss distance will be less than d k' assuming non-accelerating flight. 
7 
Similarly, for the R2r criterion, the appropriate encounter 
definition is provided by 
dk R2~ ( Bk and Iii/RI 2 B = yk 
k 
The inequality (14) follows directly from equation (5). Note that 
the encounter defined by (14) provides an approximate warning time T 
X 
defined by 





is the range at which the criteria (14) is met. 
For the case of accelerating flight, a potentially hazardous encounter 
as defined by equation (9) can be closely approximated [ref. 41 by a modified 
tau-normal velocity criteria, or 
LJ rmk 
T mLTmkand vn 2 2 
Hence, this combination of parameters has also been considered. 
While it would be informative to consider additional combinations 
of parameters, such as the tau-altitude-normal velocity criteria, 
extensions along this line have been left for future work. If desired, 
however, the effect of an additional parameter for discrimination can 
be roughly estimated from the results determined for the parameter 
combinations previously discussed. 
a 
III. DATA BASE 
A. SOURCE OF DATA 
The Atlanta Advanced Radar Terminal System (ARTS) radar has "track 
while scan" capability and provides x-y coordinate data for each target 
stored on magnetic tape. Altitude data is also recorded for those aircraft 
equipped with a Mode C radar transponder. However, this data was not used 
in the data base. Information on each target is updated every four seconds. 
Other quantities stored on the magnetic tape include computer time in 
seconds, orthogonal coordinate velocities, computer assigned track numbers, 
and aircraft identification codes. 
When an aircraft arrives within the radar coverage area, its 
beacon/radar return creates a blip on a PPI display. By means of prior 
communications, the controller establishes the identity of the target. 
With a keyboard, he supplies the computer system with identification data. 
Next, by positioning a slew dot on the target and depressing an "Enter" 
button, a track is initiated by the tracking computer. Termination of 
track can occur automatically when the target is beyond the radar coverage 
area or within approximately one mile of the runway, or manually by 
controller keyboard entry. 
FAA personnel from the National Aviation Facilities Experimental Center 
(NAFEC) and the Atlanta Terminal collected twelve one-hour samples of 
digitized radar data, controller-aircraft voice communication tapes, and 
controller log sheets at the Atlanta Terminal. These data were taken 
during morning, afternoon, and evening peak traffic periods over a time 
span of five days during the month of August 1967. Table 1 summarizes 
the traffic conditions existing during the data periods. 
The raw data were edited by NAFEC personnel. To incorporate the 
altitude information,the best possible information on initial altitudes 
and on altitude changes was obtained from the voice tapes and time-referenced 
to the track data. The altitude data were then inserted into the track 
records at the proper time increments. To obtain altitude data during 
altitude changes, the aircraft under track were sorted into four performance 
Table 1. Breakdown by hours of data obtained by FAA-NAFEC at Atlanta, Georgia. 
AVR. NO. OF MAXIMUM NO. OF 
RUN NO. DATE TlME LoCAL ‘p;,p ARRIVALS DEPARTURES A/C PER RADAR AX: RECORDED IN WEATHER 
SCAN ONE RADAR SCAN 
I 2 812 I 1520 42 I 6~20 32 IO 8.5 
I 3 8121 I 9:55 2l:OO 58 5.6 IO tvl9@22@ I 
I 4 9:oo 8/22 , o:oo 58 M78128 I 
A 5 8/22 ’ 5:‘5 64 16~25 42 20 6.9 I3 M4mlOm 
I 6 8122 2000 1 46 20 26 5.0 IO El5040@ / 
7 8123 ’ Otoo I I zoo 73 34 38 9.4 12 6fDMl20 
8 8123 15~20 16~20 57 36 16 7.6 I3 laE35@80@ 
9 8123 2ooo 21~15 58 24 34 5.7 IO MllaW5fB 
IO 8/24 
IO:15 
, , :l5 63 43 20 Il.3 I6 M2@48 ~ 
I I I900 8124 2ooo 68 50 I8 12.7 I8 250M3O@ 
I2 8/24 20:‘5 21 :I5 52 14 37 4.8 9 M26@lOCXi 
I3 8125 09:Oo IO:00 48 43 5 12.2 I4 M48 
categories. For each performance category a rate of climb, rate of 
descent, and glide slope descent rate was assigned. When an altitude 
change event was evident from the voice track, the appropriate incremental 
altitude change was calculated from the assigned rates of climb or 
descent corresponding to the aircraft category. These incremental changes 
were used to generate an altitude in each track record until the new 
assigned altitude was reached. 
For departing aircraft, it was necessary to estimate the altitude at 
the track-start point (approximately three miles from runway) from the 
known performance characteristics of the aircraft. When departing 
aircraft were turned over to the enroute controller, no further 
altitude data were available on the voice tapes. Thus, in the edited 
data, departure tracks were terminated when this event occurred, even 
though the x,y coordinate data were valid to longer ranges. 
In a few cases, no contact at all was found on the voice tracks 
with a tracked aircraft. In these cases, no altitude data were 
available, and the decision was made to eliminate these cases from the 
data base, rather than to attempt to guess the altitude. 
B. DATA RESOLUTION AND ACCURACY 
The accuracy of the x,y coordinate data is a function of the radar 
range. The radar video data processor uses range bins of .0625 nm or 
380 ft. Azimuth digital increments are l/4096 revolution, which 
corresponds to .0765 nm at a range of 50 nm. The digital round-off 
errors were small in comparison to the resolution of the ARTS radar. 
Although the accuracy of the x,y data are dependent upon many factors, 
it seems reasonable to use a value of about + .03 nm as the estimated - 
resolution of the coordinate data. This is the value that has been 
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Fig. 2. Acquisition and drop track points plotted vs. altitude and radar range 
for hour I1 data. 
For aircraft in level flight, the altitude data obtained from the 
voice tapes should be quite accurate. Studies of altitude deviations by 
pilots [ref. 5,6], indicate that absolute deviations from assigned 
altitudes rarely (less than 1 percent of the time) exceed 200 ft. for 
experienced pilots. During climb and descent periods, the linear inter- 
polation from one altitude to another using approximated rates of climb 
and descent introduces inaccuracies which are extremely difficult to 
estimate and depend on each particular case. The assigned altitudes 
during.climb and descent can be said, however, to represent the best 
judgment of the FAA personnel that edited the data. A computer test 
routine was used to assure that incoming aircraft intercepted the glide 
slope at the proper altitude. This provided a check on the altitude 
data, and introduced confidence in the method of assigning altitude 
points. 
C. COVERAGE VOLUME 
To properly interpret the results of this paper, it is important 
to define the "terminal area" or coverage volume. The point at which 
incoming aircraft are acquired and tracked is a variable depending upon 
operator workload, proximity of other aircraft to a given target and 
target altitude. Also, at the beginning and end of each data run, the 
aircraft are effectively picked up and dropped at their positions at 
the start and stop time of the data recording period. Thus, there is 
no well-defined volume in which it can be said that all targets are 
being tracked and are therefore in the data base. The acquisition and 
termination altitudes and ranges for a typical hour of data are shown 
in figure 2. All incoming tracks were terminated at 4-6 nm radius 
from the radar (approximately 3 nm from the runway in use). In 
nearly all cases departing aircraft were acquired at a radius of 1-6 
nm from the radar. As may be seen from the figure, nearly all 
aircraft in the data base are under 6500 ft. in altitude and within a 
radius of 35 nm. 
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D. LIMITATIONS OF DATA 
The most important deficiency in the data is the lack of data points 
for aircraft that were actually within the coverage volume, but for 
which no data were recorded. Aircraft falling into this category are 
operations at satellite airports within the coverage of the ARTS radar 
and overflights. Also, in some cases aircraft operating at the Atlanta 
terminal were eliminated due to lack of altitude data. Also, a target 
was occasionally dropped for one or two scans and then re-acquired and 
tracked. These dropped data points also represent a target present but 
unrecorded. For hour 11 the number of data points dropped in this manner 
were 206 out of 12,282 points present. 
Another limitation is that the data were taken at only one airport 
over a relatively short time period. The Atlanta airport is, however, 
representative of the major airports across the country, on the basis of 
number of air carrier operations per hour [ref. i']. It would be desirable to 
obtain data at different airports over longer time spans. Additional 
analyses and discussions of the data base are presented in the Phase I 
report on this study, [ref. 81. 
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IV. DATA ANALYSIS 
A. STATISTICS OF INTEREST 
The statistics of interest for the evaluation and comparison of the 
merits of warning techniques include: 1) the percent of flying time in 
the terminal area that an aircraft will be in an encounter status, 
2) the rates of encounters, 3) durations of encounters, and 4) estimates 
of the probability of one or more encounters for a given flight duration. 
The percent of flying time calculation (l), provides an unbiased 
estimate of the probability that a randomly selected airplane will be in 
an encounter status at any particular instant of time under conditions 
similar to those existing during the data period. 
Simultaneous encounters are also of consider.able interest, hence the 
data were analyzed so as to consider up to five simultaneous encounters 
for a given encounter definition. 
B. ANALYTICAL TECHNIQUES 
For the computational tasks, the Triangle Universities IBM 360175 
and RTI Bunker-Ram0 340 computers were used. The techniques used for 
the calculations are best illustrated by specific examples as follows: 
Percent of Time in Encounter Status: .___. _ .__-_-..- To present the largest amount 
of information, the warning criteria of interest is used as a parameter, 
and distributions are formed as functions of the value of the parameter. 
For example, consider the simple criteria of relative range (R). We are 
interested in the average percentage of flying time that an aircraft will 
find one or more aircraft within a given range. 
Let Ri(t) denote the range to the closest aircraft relative to a 
particular aircraft i. The fraction of the flying time of aircraft i that 
t) is less than a value Rk is then given by 
time that Ri(t) is less than Rk 
Fi(\> = - 
Bi(%> 
=- 




Under the assumption that Ri(t) is a stationary process, Fi(Rk) provides 
an estimate of the probability that aircraft i will have another aircraft 
within a range 5c. 
Considering all aircraft in the data, a weighted average (i.e. 
contribution to average is proportional to sample size) over all aircraft 
provides an unbiased estimate of the probability that a randomly chosen 





where n is the number of aircraft and the weighting factor is 
‘i [ 1 = flying time of aircraft i ; f ci average flying time i=l 
(18) 
(19) 
Equation (18) also represents the average fraction of flying time for which 
Ri(t) < Rk for a randomly selected aircraft. 
In an exactly analogous manner, the calculation can be made for the 
kth closest aircraft to aircraft i, or for the other warning criteria of - 
interest. 
Encounter Rates and Durations: Encounter rates are obtained by simply 
counting the number of encounters for a given encounter definition and for a 
particular hour of data, and then dividing by the total accumulated flying 
time. This results in a weighted average encounter rate. Simultaneous 
16 
encounters are not considered in this calculation, that is, when more than 
one aircraft are in an encounter status with aircraft i at. time t, the 
situation is considered to be a single encounter. 
It should also be pointed out that in determining encounter rates, 
no distinction is made between different intruders. If several intruders 
cause an encounter, and the encounters attributable to each intruder 
happen to overlap, only one encounter would be counted. This was felt to 
represent the probable operating characteristics of a practical warning 
system. 
Encounter durations are obtained by computing the total time in an 
encounter status, and average durations represent the average taken over 
all encounters recorded. 
Probability of Encounter in a Given Flight Time: In order to __-_I 
estimate this probability, it is necessary to suppose that the sample 
functions (e.g. the range Ri(t) previously discussed or one of the 
other criteria) represent stationary, normal random processes. This 
assumption, which is obviously open to question, permits the use of the 
Poisson expression to estimate the probability of an encounter in a time 
period (0,T) as 
k -TV 




'r {at least one encounter in (0,T)) = l-e-uT 
where u is the expected number of downcrossings of the process below the 
level that defines the encounter. In order to rigorously calculate u, 
the correlation function of the process is required. To avoid this 
lengthy calculation, however, p can be estimated directly from the data 






A. STATISTICS PRESENTED 
Each hour of the twelve hours of data has been treated as a sample 
period and analyzed separately. Because of the large number of 
parameter combinations, the results presented in the main body of the 
report have been limited primarily to the one hour of data with the 
largest number of aircraft per radar scan (hour 11 with an average of 
12.7 aircraft per scan). Complete sets of results for all hours are 
presented in the Appendices. 
The variation of statistical results between hours does not appear 
to be as large as might be expected. An example of this variation is 
given for the tau-altitude criteria in the following section. 
B. PERCENT OF TIME IN ENCOUNTER STATUS 
Range Criteria: The family of curves in Fig. 3 shows the average 
percent of flying time that an aircraft in the data base (Hour 11) found 
one, two, or five aircraft simultaneously within a range given by the 
value along the ordinate of the graph and within the altitude band as 
designated on each curve. The altitude bands considered include all 
altitudes (AA = ->, + 1000 ft, and i- 500 ft. 
Inspection of the curves indicate that, under the conditions existing 
during this hour, on the average, one aircraft found another aircraft within 
a range of three miles approximately 10% of the time. Two aircraft were 
simultaneously within a three mile range of a third aircraft approximately 
1% of the time. Limitation of the altitude band considered did not have a 
large effect on these percentages. 
Figure 4 shows a similar set of curves for the range - elevation 
angle encounter definition. 
In interpreting these data, it should be noted that the Atlanta, Ga. 
facility personnel make extensive use of the visual contact between aircraft 
in the terminal area when flight conditions permit, alleviating the require- 
ment for IFR separation. For this reason, data which indicate separations 
less than standard IFR separation criteria should not be interpreted to imply 
infractions of standard operating procedures by facility personnel. 
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3. Average percentage of time that an aircraft was 
in a range encounter with at least one other 
aircraft (solid lines). The encounter is defined 
by range < Rk and altitude difference < AA , 
plotted vs 
1 
. Curves for two or more andkfive 
or more simu taneous encounters of the same 
definition are also shown. 
I- 
O  
Fig. 4. Curves similar to Fig. 4 except that 
the encounter is defined by range 
and relative elevation a&e 
Tau and R2r Criteria: Figures 5, 6, 7, and 8plot the average 
percent of time that an aircraft was in an encounter situation for the 
tau-altitude, tau-normal velocity R2r , - - altitude, and R2r - *z/R -- ~ 
criteria respectively. The dashed curves represent the cases of two 
simultaneous encounters as indicated on the figures. An example of 
the variation noted between hours of data is indicated in Fig. 9 for 
an encounter defined by T < T k and altitude difference < + 500 ft. On - 
this plot, curves showing the mean value, plus and minus one standard 
deviation, and the maximum and minimum percentages of time are given. 
There does not seem to be a strong correlation between the aircraft 
density as represented by the average number of aircraft per radar scan 
and the percentage of time in an encounter, especially for small 
percentages. Note that hour six, with only five aircraft per scan on 
the average, provided the maximum observed percentages over the region 
of the plot where -c k is less than eighty seconds. 
Modified Tau Criteria: --___ Figure 10 plots the results for the 
modified tau - altitude encounter definition, and Fig. 11 the modified __---- - -~ 
tau - normal velocity definition. The latter curve differs somewhat 
from the preceding curves in that the value of normal velocity is not 
independent of the value of modified tau, but instead is calculated as 
v '-'mk =- nk 2 
where T mk is the value plotted along the ordinate and U is fixed at 
16.1 fps2. (l/2 g). This plot therefore indicates the average percentage 
of time that an aircraft could have been involved in a collision within 
T mk seconds if both aircraft made the worse possible maneuver at a 
maximum relative acceleration of l/2 g. 
C. DURATION AND RATES OF ENCOUNTERS 
(21) 
The cumulative distribution of the time duration of encounters 
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Fig. 5. Average percentage of time that an aircraft. was 
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one or more and two or more simultaneous 
encounters of the same definition are shown. 
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Fig. 7. Average percentage of time that an  aircraft 
was in an  encounter  def ined by R2, <  6  and  
altitude dif ference < A A,, plotted vs. kdiT. 
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Fig. 8. Curves similar to those of Fig. 8  except  
that the encounter  definition is R2 < Bk 
and  lc/il <  yk. 
i ! TAU < .ALTITl 
Fig. 9. Average percentage of time that an aircraft was in an encounter defined 
by T < Tk and altitude difference < 500 ft plotted vs. rk for all 12 
hours of data. Curves showing the mean, + one standard deviation, and 
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10. Average percent of time that an aircraft was in 
an encounter defined by modified T < T mk and 
altitude difference < AAk plotted vs T . Curves 
for two simultaneous encounters of themkame 
definition are also shown. 
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Fig. 11. Average percentage of time that an aircraft 
was in an encounter defined by T < T and 
normal velocity < Urmk/2. Curve! foFktwo 
or more and three or more simultaneous 
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Fig. 12. Cumulative distribution of encounter  durat ions with an  encounter  
def ined by T < 60  sec. and  additional discrimination as indicated 
on  the curves. 
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Fig. 13. Plot of the radar tracks showing a  long encounter  (80 sec.) due  to 
sequential  encounters of one  aircraft with three other aircraft. The  
port ion of the track during which an  aircraft was in an  encounter  
status with track 16  is indicated by the solid curves. The  encounter  
is def ined by T < 60  sec. and  altitude dif ference < 500  ft. 
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curves shown for various additional discrimination criteria. As may 
be noted, a fair percentage of the encounters (" 30%) have a duration 
less than ten seconds, while a few percent last as long as eighty 
seconds. Since long encounters for this criteria were felt to be 
somewhat peculiar, a few of the longer encounters were examined in 
detail to determine their nature. Figure 13 plots the radar tracks 
for an example of one of the longer encounters during which tau was 
less than 60 seconds for a duration of RO seconds and the altitude 
difference was less than 500 ft. Track 16 on the plot is actually in- 
volved with three different aircraft, but the encounters occur in 
sequence such that track 16 is continuously in an encounter status, 
and only one encounter is counted. The aircraft represented by track 16 
is apparently on the downwind leg of his landing pattern, whereas the 
other aircraft are in line with the runway for landing. 
An example of a distribution of encounter rates is shown in Fig. 14, 
for the tau criteria with no additional discrimination. For this 
particular encounter definition, the maximum encounter rate observed 
was 1 .8 encounters per minute, whereas the averaged encounter rate was 
z .2 encounters per minute. Using the Poisson expression, eq. (16), 
gives a probability of .93 of having at least one encounter of this type 
during a 13 minute flight (i.e., the average flying time for aircraft in 
hour 11) in the terminal area. 
Average encounter durations and rates for other criteria of interest 
are given in Table II as discussed in the following. Encounter duration 
data for the other hours of data are given in Appendix E. 
D. NUMERICAL COMPARISON OF VARIOUS CRITERIA 
It is informative to compare the statistical results given by 
various warning criteria that give approximately the same protection. 
A plot of protection region in terms of range and closing velocity for 
the four basic criteria is shown in Fig. 15. The numerical values have 
been selected to provide crossover of the curves at approximately 
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Fig. 14. Histogram indicating the distribution of encounter  rates for hour  11  
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Fig. 15. Range vs. velocity plots of the various numerical warning criteria 
for comparison of encounter  statistics. 
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4 nm and 240 knots. This crossover was selected to provide roughly 
the same protection in the terminal area where the mean closing velocity 
was expected to be approximately 240 knots. The protection region for 
the criteria are to the left of the curves. 
The numerical results for the four criteria are presented in Table 
II, for various additional discrimination criteria. The table indicates, 
for hour 11 of the data, the number of encounters (N), the average 
duration of encounters (t), the average encounter rate (p), the estimated 
probability of an encounter during a thirteen minute flight (Pr), and 
the average fraction of time in the encounter status (or the estimate 
of the probability of a randomly chosen aircraft being in an encounter 
status at any particular time) (P). Similar tables for the other hours 
of data are given in Appendix F, p. 265. 
The fraction of time in an encounter status for the various 
criteria appear to be strongly correlated with the "area" of the region 
under 400 knots of the range-closing velocity plot (Fig. 15) wherein an 
encounter is defined. For the case of T and R2r with equivalent miss 
distance discrimination, the statistics are not significantly different 
between the two parameters. 
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Table II. Encounter statistics from hour 11 data for several specific warning 
criteria. (See Section V for discussion of calculations). 
N  = total number of encounters (with one or more aircraft) observed. 
t = average duration of encounters (sec.) 
u = weighted average encounter rate (encounters per min.) 
Pr= estimated probability of one or more encounters during a thirteen 
minute flight. 
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VI. SUMMARY AND CONCLUSIONS 
It is beyond the scope of this report to deal with the tradeoffs 
between the protection provided by the various criteria and the encounter 
statistics. The data presented should be considered as providing a 
quantitative basis for an evaluation of specific designs and performance 
in terms of pilot work load. The results of the statistical analyses 
indicate the severity of the false alarm problem in the terminal areas. 
Using warning criteria that have been frequency discussed as providing 
sufficient warning times, numerous encounters occurred under normal 
operational procedures. 
The quantity which is probably most indicative of pilot work load 
is the fraction of flying time in the terminal areas (P) spent in an 
encounter status. It is felt that any PWI approach which results in 
values of P significantly greater than 0.01 during normally safe flying 
conditions would probably be unsatisfactory. It would, of course, be 
desirable to obtain a low probability of one or more encounters (Pr) 
during an approach to the terminal; however, it is felt that these 
encounters will not be detrimental in terms of pilot confidence and 
performance if the discrimination is such that the intruding aircraft 
are readily identifiable visually and the total time required of the 
pilot is not too great. It should be noted that this data is only 
indicative of conditions at Atlanta, Ga. in 1967 and is undoubtedly 
optimistic in terms of flying conditions in the 1970 time period and the 
more dense areas of today which contain a number of major terminals 
in close proximity. 
The quantities which are most often considered in collision-hazard 
warning are range and closing velocity. The results of the study 
indicate that any system based on range alone will have a high 
probability of alarm and a correspondingly bigh pilot work load. As 
shown in Table II, a range warning system providing a 60 second warning 
(R < 4 mi.) with a 240 knot closing velocity and non-accelerating 
flight indicated a hazard 43% of the time. If the warning criteria is 
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reduced to the point where a hazard was indicated 1% of the time 
(R c 1.3 mi.), approximately 20 seconds warning time is provided with 
the same closing velocity. 
The addition of closing velocity to the hazard criteria results 
in a significant reduction in the probability of alarm. As indicated 
in Table II, all the criteria evaluated employing range and closing 
velocity only (T, R2~, TV> gave approximately the same statistical 
results. These criteria resulted in a hazard being indicated approximately 
8 to 10% of the time when providing a 60 second warning with a 240 knot 
closing velocity. When the coverage is reduced to the point where a 
hazard was indicated 1% of the time, approximately 40 seconds warning 
time is provided with the above conditions. The slight variation in the 
statistics of these criteria shows some correlation with the "area" 
coverage under 4OU KTS indicated in the range/velocity plane (Fig, 15). 
The results of this study also indicate the effectiveness of 
altitude and projected miss distance discrimination in reducing the 
number of false alarms. It is interesting to note that altitude 
discrimination will have to be relatively fine (i.e., less than 500 ft) 
to obtain a significant reduction in the probability of alarm (P). 
A relatively coarse projected miss distance discrimination (< 2 mi.), 
however, results in a significant reduction in this probability. 
Another factor for consideration in any system design, especially 
in the area of display, is the probability of multiple or simultaneous 
encounters. This problem appears to be rather severe in the case of a 
range criteria. As indicated in figure 3, approximately 40% of the 
encounters resulting from a 4 mile range criteria involved more than one 
intruder simultaneously. With a range and closing velocity criteria, 
however, this problem is reduced somewhat. With the criteria indicated 
in Figure 15 (T, R27, Tm), approximately 5% of the encounters involved 
more than one intruder. With additional discrimination in the form of 
altitude (< 500') or miss distance (< 2 mi.) discrimination, significantly 
less than 5% of the encounters involved more than one intruder. It 
appears that if sufficient discrimination is used to reduce the 
probability of alarm to a reasonable value, the probability of simultaneous 
encounters becomes insignificant. 
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APPENDIX A 
PROGRAM DESCRIPTION -- STATISTICAL 
ANALYSIS PROGRAM (STAT4) 
A. GENERAL DESCRIPTION 
The term "STAT4 program" is suificient for most of the following 
discussion, but is an incomplete description of what is actually 
fed to the computer. There are actually four programs, STAT4, STAT4A, 
STAT4C, STAT4D, each of which is a Fortran subroutine. They are 
driven by main programs CALST4, CALST4A, CALST4C, and CALST4D, each 
of which exists only to read certain control variables from cards and 
to call its corresponding "STAT4 program." 
The STAT4 series programs perform two analyses of the aircraft 
under track, under all possible pairings. The name of each program is 
shown below, along with the parameter which it uses to define the relation- 
ships between aircraft. 
Program Defining Parameter 
STAT4 relative range R 
STAT4A time to closest approach 
R T =- > 
“C 







= -V, + 'Vf + 2UR 
u 
where U is a constant. 
3 
beta = 8 = & 
C 
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The analyses performed by STAT4 programs can most readily be 
understood by understanding the operations performed on the data 
before analysis. Those operations are described below. 
The data arc the array of values for the defining parameter at 
some particular scan, which for N aircraft in the air this 
scan, is an N x N matrix with zeroes on the principal diagonal. After 
each element of the upper-right half of this array is shifted one 
place to the left, the result is an N x (N-l) array whose I-th row 
contains numbers characterizing the relationship of the I-th aircraft 
with each other aircraft. 
Some aircraft, however, may be incapable of threatening each other, 
regardless of the value for the defining parameter. This incapability 
for threat is identified with having a value of some other 
relational parameter(s) (called screening parameter(s)) greater than 
some threshold value(s). The possible screening parameters are as 
follows: 
I4 absolute value of altitude difference 
ii closing acceleration 
X/i normalized closing acceleration 
"n normal velocity 
Screening may be done using any one of the possible screening parameters, 
or any pair, or any three, or all four; or there may be no screening at all. 
For each aircraft pair whose screening parameter exceeds the threshold 
value, its value of the defining parameter is removed from the array. 
the gap in its row is closed up, and the count of values in its row 
(IR@WC(I)) is decremented by 1. When the screening af the defining 
parameter array has been completed, the values left in each row are ordered 
in descending order of threat. After the filtering and ordering are 
completed, the data are ready for analysis. 
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The first analysis consists of collecting separate frequency 
distributions in histogram form, of the most hazardous (or most nearly 
hazardous) defining parameter value for each aircraft, of the second 
most hazardous and so on to the fifth. That is, for the whole hour, 
separate histograms are collected for the first five columns of the 
screened, ordered, defining parameter array at each scan. 
The second analysis is an analysis of the threat conditions that 
have occurred. The data are checked at each scan for the beginning of 
new threat conditions (encounters) and termination of encounters in 
progress. In addition, because of gaps in the data, if an aircraft gets 
into a threat condition only one scan after having terminated a threat 
condition, the gap is elided and the earlier condition is considered to 
be still in progress. For each threat condition, its beginning and 
ending scan numbers are printed out along with the track number of the 
threatened aircraft. In addition, a histogram of the encounter durations 
is printed out along with the mean duration. 
If it is desired to obtain the second analysis only for situations 
in which an aircraft is threatened by at least two other aircraft, or 
at least 3, 4, or 5, the change can be effected by specifying the input 
control variable NSIM = 2,3,4, or 5, respectively. 
B. PROGRAM INPUTS 
1. Card Input 
The card deck for a run of a STAT4 program has the following 
form: 
Fig. A-l. Card input sequence. 
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These run cards contain data which are held constant for all passes through 
the tape made on a single run. Each set of pass cards contains data 
peculiar to an individual pass through the tape. 
a. Run Cards 
Card 1 has the following fonnat 
* 





Columns 21-80 blank 
Card 2 has punched in columns l-16 the name, in Hc,I.leriLl: characters, 
of the defining parameter. Columns 17-80 are blank. 
Card 3 contains the positive, finite category limits (&r-ray BDP) for 
the frequency distribution of the defining paranlateL'. (The lower limit 
of the first category is assumed to be zero; the last categ<)ry is assuri~ed 
unbounded.) The limits are pIInched, in ascending under, in successive 
eight-column fields. If no decimal point is punched, it will. be assumed 
to occur between the fourth dnd fifth column of each field. This card 
may be continued onto one rjc t:wo additional cards, as necessary to 
accomodate all the category limits (up to a maximum of 29). 
Card 4 contains NCATMi pu11~11rcl right-justified, without a decimal 
point, in columns l-4. Right-justified in successive 4 column fields, 
beginning with columils 5-8, are pun(,lled the category limits for the 
histogram or encounter durations (array IBDR). If NCPMl is greater than 
19, IBDR must be continued illto successive 4-column fields of a second 
card, beginning with columns l-4. 
* 
See Section C, this appendix, for list of variable names. 
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b. Pass Cards 
Card 1 contains alphanumeric information to be inserted into 
output page headings. Columns 1-8 contain the word "single", "double", 
etc. according to the number of simultaneous encounters required to 
define a threat condition. A description of the threshold for the 
defining parameter is punched in columns 9-20. The hour number is 
punched right-justified in columns 21-23. The type of screening 
(parameter name and threshold value) is described in columns 24-43. 
Card 2 contains numeric data which control encounter definition and 
type of screening, as follows: 
Columns 1-8 FILFAC (If no decimal point is 
punched, it is assumed between 
columns 4 and 5.) 
9-12 INDFIL (no decimal point) 
13-16 NSIM (no decimal point) 
17-20 ignored (no decimal point) 
20-28 CRIT (If no decimal point is 
punched, it is assumed between 
columns 24 and 25.) 





Card 3 is used only in the data for program STAT4C. The value of 
the parameter U is punched in columns 1-8. of no decimal point is punched, 
it is assumed between columns 4 and 5. 
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2. Tape Input 
The input tapes are written in ‘/--track BCD, wjth a consLant 
record length of 516 characters. The first record of each hour of data 
contains the hour number ss a SCD integer in -positions 5-8. No other 
useful information is in that record. 
The data for each scan begins witir a llzader record listii-:g the track 
numbers of aircraft under track z:'i !rhal: tii3tili, 'h2 Leader has Lhe 
following format: 
positions l-3 NCRAW 
4-6 I"I'RKNO (1) 
7-14 TIME (1) 
15-22 ZEE (1) 
23-25 ITRKNO (2) 
26-33 Tim (2) 
34-41 ZEE (2) 
NCRAFT and all values of ITKKNO art: writ-ten as BCL, integers. Al? values 
of TIXE are in seconds, and are written with one digit to the light oi 
!:he decimal point. The d2rjmal pc:i.nt is G;; 5~) \Jlitten in all V~~Y~IIES <,i 
ZEE, which are in units of nautical miles and have four digits t.s th<. I-igllt 
of the decimal point. 
The values of relative range appear nex.t on the tape, in the oxdct. 
R ij' j = 1, . . . . NCRAFT; i = 1, ..,, N:i:RA?T. T11.r recor:ls ;,~tj WI J i.ici, ia 
successive eight-position fielils, wit11 the d::.,imal poinL iii thr f!cxIi-tlt 
position, 64 fields to a .iecord, in as manly records as are i>cedC'J. v;; 1 ue 
Of i 
-1 are written after relative ral:ge, with the values in t.lle sL~lllt: oxdel-. 
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They are written in exponential representation, with six significant 
digits, in successive twelve-position fields, 42 fields to a record. 
Values of 90000S -1 follow the T -1 values, in the same order and the 
same format. 
C. VARIABLE NAMES 
1. Variables in C$&lMQ)N Storage ___- 
a. BDP is the array of category boundaries for the 
frequency distributions of the defining parameter. 
b. FILFAC is the array of threshold values of the 
respective screening parameters, in the order in 
which they are used. (See the definition of 
INDFIL below.) 
C. IBDR is the array of category boundaries for the 
frequency distribution of encounter durations, in 
units of scans. 
d. IDIR indicates the direction for ordering the 
values of the defining parameter in each row: 1 
for ascending, -1 for descending. 
e. IF2 has a value of 1 if the frequency distribution 
of the defining parameter is to be computed, 0 if 
it is not. 
f. IHEAD is the array of character strings to be in- 
serted in the heading for the output page of the 
distribution of encounter durations. 
g- IH@UR is the number of the hour of data being 
analyzed. 
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h. IlB is an array with the following property: IlB 
is the subscript, in the array ITRKBl, of the 
track number ITRKN@(I). In formal notation, for 
each I, 1 < I < NCR-AFT, if there exists - - 
J, 1 2 J 2 NTRKBl, such that ITRRBl(J) = ITRKN@(I), 
then IlB(1) = J; otherwise, IlB(1) = 0. 
1. INDFIL is an integer variable, each of whose digits 
indicates a parameter to be used as a screening 
parameter. The digits 1 through 4 have the follow- 
ing significance: 
l- altitude difference, (AA/ 
. 
2 - closing acceleration, V . 
C V 
3 - normalized closing acceleration c 
4 - normal velocity V vc n 
For example, to do altitude difference filtering, 
followed by normal velocity filtering, punch 
INDFIL = 41. Note that the digits indicate filter- 
ing parameters to be used in the opposite order. 
For no filtering, punch INDFIL = 0. 
j- IROWC is the array of row counts; that is, of the 
number of values of the defining parameter in each 
row relative to the ownship for that row. 
k. ISTOP is the number of scans after which this hour 
of data is to be considered complete. This allows 
test runs to be made on less than a full hour of 
data. 
1. ITRKBl is the array of track numbers of aircraft 
under track the previous scan. 
m. ITRKNO is the array of track numbers for aircraft 










LHEAD is the array containing the name of the defining 
parameter, to be printed in the heading of the output 
page of frequency distributions of the defining 
parameter. 
NCAT is the number of categories in the frequency 
distribution of encounter durations. 
NCATP is the number of categories in the frequency 
distribution of the defining parameter. 
NCRAFT is the number of aircraft under track this 
scan. 
NK is no longer used. 
NTRKBl is the number of aircraft under track on the 
preceding scan. 
RELR is the array of relative ranges 06 the 
aircraft pairs. 
VC is the array of closing velocity values for each 
aircraft pair. 
W&X is the array of values of the defining parameter. 
The i-th row is considered to contain the values of 
the defining parameter relative to the aircraft whose 
track number if in i-th position in ITRKNO. 
ZEE is the array of altitudes of each aircraft. 
2. Variables Unieo CALST4 Calling Programs - 
a. NCAS is the number of cases to be analyzed this run. 
b. NCATMl = NCAT-1 
C. NCPMl = NCATP-1 
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BDPRT is the array of category boundaries for the 
frequency distribution of encounter durations, in 
units of seconds. 
CRIT is the threshold value of the defining 
parameter. 
CLIME is the percentage cumulative frequency distribu- 
tion corresponding to IADD. 
IADD is the cumulative frequency distribution, at 
output time, for whichever frequency distribution 
is being printed. 
1DRQ)P: If two threats to the same aircraft are 
separated by less than IDR@P radar scans, th'e gap 
between them will be elided and they will be considered 
a single continuous threat. 
IENC is the array of beginning and ending scan numbers 
for the most recent encounter for each track number. 
IFPCH indicates whether the frequency distributions 
and encounter times will be put out on punched cards 
as well as hard copy: IFPCH = 1 for punching, IFPCH = 0 
for no punching. 
IHIST is the frequency distribution of encounter 
durations. 
IHISTP is the frequency distribution c: values of the 
defining parameter. 
IQ and IR are the indices which govern the direction 
of accumulation in the cumulative frequency distribu- 
tions of defining parameter values. 











KC@JNT: KC&JNT(K) is the total number of k-th-most- 
dangerous relationships of aircraft pairs this hour. 
LENTOT is the total time, in units of scans, spent 
by all aircraft in threat situations. 
NCTOT is the total flight time count. 
NENC is the array of numbers of most recent encounters 
for each track number. 
NETOT is the total number of threat situations. 
NIP: If the aircraft on track N is in a threat 
situation, NIP(Ni-1) = 1. Otherwise, NIP(N+l) = -1. 
NSIM is the number of simultaneous threats which are 
necessary to define a hazard. In practice, we have 
always used NSIM = 1. 
NSKIP is the number of scans of bad data which are 
to be skipped over at the beginning of the tape. 
PCT is the percentage frequency distribution for the 
defining parameter. 
D. LOGICAL FLOW CHARTS 
Flow charts indicating the logic used in the programs are shown in 
Figs. A-2 through A-6. Ozltputs of the program are the histograms as 
given in Appendices B and C. 
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CALST4 Series Driving Programs 
c3 stop 
Fig. A-2. Logical flow diagram - CALST4 
series driving program. 
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I- 
Fig. A-3. Logical flow diagram - STAT4 series subroutines. 
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and for each value of tlw defining 
parameter relative to this aircraft: I 
For each kind of filtering 
to be done this run: 
4 
Is there still some 
Evaluate the screening 
parameter for t!lis pair. 
4 
Is the screening 
parameter value 
greater than the 
threshold value? 
Shift one position to the left all defining 
parameter values which are in the row under 
consideration and to the right of the value 
under consideration; decrement row length 
count and increment count of values screened out. 
Are there any more 
aircraft this scan? 
Fig. A-4. Logical flow diagram - FILT4 subroutine. 
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Subroutine ORD4uP 
Move the row of valuesof the 
defining parameter (of those 
remaining after filtering) into 
a temporary array. 1 
For that row, do n = 1 to length 
of the row: 
Find the n-th smallest element 
of the row in the temporary 
location, and move it into the 






Fig. A-5. Logical flow diagram - subroutine ORD4UP. 
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Subroutine gRD4DN 
* For each aircraft as ownship: 
Move the row of values of the 
defining parameter (those 
remaining after filtering) 
into a temporary array. 
* 
For that row, do from n = 1 . 
to tile len~tli of the row: 
Find the n-th smallest element 
of the row in the temporary 
location, and mdvt? i L into the 






HISTOGRAMS OF PERCENT OF TIME IN 
ENCOUNTER STATUS FOR HOUR 11 DATA* 
This Appendix contains the computer printouts indicating the 
percent of time that an aircraft was in an encounter status for various 
definitions of the encounter (for hour 11 only). 
The columns on the printouts are as follows: 
Cols. 1 and 2: The bounds on the parameter being 
investigated, or the histogram increments. 
Cal. 3: The number of values calculated that fell 
within the indicated increment. 
Cal. 4: Col. 3 data changed to a percentage by 
division by the total flying time count. 
Cal. 5: The cumulative percentage data accumulat- 
ing from the most hazardous parameter increment 
to the least hazardous. 
Cols 6,7,8: Repeat of Cols. 3, 4, and 5 for the 
case K = 2. A count in a particular increment 
is the second most hazardous value. (i.e., for 
the relative range parameter, the cases counted __- 
in a particular increment are the ranges to the 
second closest aircraft) 
Cols. 8,9,10: The same as above except for the 
case K = 3. 
Cols. 10,11,12: The same as above except for the 
case K - 4. 
Cols. 13,14,15: The same as above except for the 
case K = 5. 
* 
Data for remaining hours is presented in Appendix C. 
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The total number of cases counted for each of the conditions above 
is printed at the bottom of the respective column. 
Units used are: 
Range: nautical miles 
Velocities: knots 
Tau and modified tau: seconds 
Altitudes: feet 
'i/i: -1 sec. 
Beta (R2~): ~01s. 1 and 2 are 
90,000 2 
R2r 
with R T measured in 
2 (naut. mi.) -sec. 
The cases considered for hour 11 are indicated in Table B-l on 
the next page. 
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Table B-l. Histogram data for hour 11. Numbers in blocks are 
figure numbers in this Appendix. 
Discrimination 
_.._ - ___ _. .-_-..---- 
None 
Alt. diff., IAA[ < 4000 ft. 
Alt. diff., /AA/ < 2000 ft. 
Alt. diff., [AA/ < 1000 ft. 
Alt. diff., (AA( < 500 ft. 
-_._ -.--_--- - -._ 
Rel. el. angle, I$el < 12" 
Rel. el. angle, I$el < 6' 
Rel. el. angle, I+,1 < 3" 
Rel. el. angle, [a,/ < 1.5" 
--- 
Rel. normal vel., Vn < 240 kts. 
Rel. normal vel., V < 238.1 kts n 
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cyst CUUrdTS 12ztt3 12279 ~"279 12271 17246 
Fig. B-l. Histogram data from hour 11. Average percent of time that an aircraft spent in a 
RANGE encounter with R or more aircraft. Additional discrimination: none, 
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CASE COUNTS 12281 12277 12274 12264 12235 
Fig. B-2. iiistogram data from hour 11. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: IAA/ c 4000 ft. 
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Fig. B-3. Histogram data from hour 11. Average percent of time that an aircraft spent in e RANGE 
encounter with R or more aircraft. Additional discrimination: IAA~ < 2000 ft. 
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Fig. B-4. Histogram data from hour 11. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: IAA] c 1000 ft. 
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Fig. B-5. Histogram data from hour 11. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: IAA] < 500 ft. 
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Fig. B-6. Histogram data from hour 11. Average percent of time that an aircraft spent In a 
RANGE encounter with K or more aircraft. Additional discrimination: 16 1 < 12 den. 
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Fig. B-7. Histogram data from hour  11. Average percent of t ime that an  aircraft spent  in a  RANGE 
encounter  with K or more aircraft. Additional discrimination: Igel <  6 deg.  
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Fig. B-a. Histogram data from hour 11. Average percent of time that an aircraft spent in’ a RANGE 
encounter with K or more aircraft. Additional discrimination: I+,1 < 3 deg. 
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Fig. B-9. Histogram data from hour 11. Average percent of time that an aircraft spent in a RANGE 
ehcounter with K or more aircraft. Additional discrimination: \$,I < 1.5 deg. 
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Fig. B-10. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. B-11. Histogram data Tror hour 11. Average pErcent of time th3t an aircraft spent in a TAU 
encounter wit11 !: or more aircraft. Addit-ima: discriainstion: '!A: c  4000 ft. 
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Fig. B-12. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: IAA] < 2000 ft. 
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Fig. B-13. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: IAA~ < 1000 ft. 
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Fig. B-14. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: 1~~1 < 500 ft. 
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Fig. B-15. Histogram data from hour 11. Averaze percent of tine that an aircraft spent in a TAU 
encounter with K or aore aircraft. Additional disc~inination: /o,/ j 12 deg. 
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Pig. B-16. Iiiatogram data from hour 11. Average percent of t ime that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: I+el < 6 deg. 
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Fig. B-17. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: leei < 3 deg. 
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Fig. B-18. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: I$,1 < 1.5 deg. 
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Fig. B-19. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: V < 240 kts. 
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Fig. B-20. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
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Fig. B-21. Histogram data fron hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: V < 120 kts. 
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CASE COUNTS 5079 3261 1599 '~81 236 
Fig. B-22. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
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Fig. B-23. Histogram data from hour 11. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additiohal discrimination: n v < 30 kts. 
HISI l'~4', uf ,<b Ti CO,< -111 Jli 11 
hUMtitH 01 k.CAYS 966 
TOTAL t Lyl’qb TIME COUYT 12284 
FILTI hlkL;: NIJNE 
.OT LE>S HUT LESs 
TYAV THAN k= 1 .x CM.: u- 2 :. cur .:; u= 3 :: CUM.:. K= 4 :: CUM.:. us 5 %  CUM.:. 










































































































































































. oe- :ob 33 











































































































































CASE COURTS 12244 12200 12061 1ln28 11319 
Fig. B-24. Histogram data from hour 11. Average percent of time that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: none. 
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“ASE cOU’JTS 12242 12188 12049 llflO2 113n2 
Fig. n-25. Histogram data from hour 11. Average percent of time that an aircraft spent in a BETA (R21) 
encounter with K or more aircraft. Additional discrimination: IbAI < 4000 ft. 
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Fig. B-26. Histogram data from hour 11. Average percent of time that an aircraft spent in a BETA (R2~) 
encounter with K ore more aircraft. Additional discrimination: IAA~ < 2000 ft. 
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Fig. B- 2% Histogram data from hour 11. Average percent of time that an aircraft spent in a BETA (R-r) 
encounter with K or rn~re aircraft. Additional discrimination: lae/ < 12 deg. 
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Fig. B-30. Histogram data from hour 11. 
encounter with K or more aircraft. Additional discrimination: I$,] < 6 deg. - .- 
b.U-l- .lU 
.ll- 50 



























































3.7 1 /9.%!0 
17.7 2 16 2119 
13.9 1 ,a:4,7 
14.4 8 14.496 
13.5 0 .,u.(rja 
0.5 5 lb,4-7 
5.6 3 7,9h3 
1.3 4 2.230 
.5 5 ,096 
*2 0 ..3Yl 
.u s ,171 
.o 7 .OdR 
-0 3 .u41 
556 4.527 67.147 571 4.549 
2724 22,17Y 62,620 2657 
1706 13.a90 
21,715 
40.441 1558 1c.767 
140'1 11.961 26.551 1114.3 3.49? 
115U 9.36~ 14.590 71Y >,R54 
46' 3.502 5.227 21 .741 
157 1.27b 1.425 10 ,001 
14 -114 .I47 U J.UlJU 
3 .024 .035 U J.UUn 
1 .oos .UOb 0 J.000 
II c.uou o.uuo U J.UU;) 
LI u.oou u.lJou 0 3.001) 
'J o.oou u.000 U J.1303 4 
1 .u 0 .11,,a ll u.uou o.ouu U j .OOO 
0 (1.0 0 u.o,o II U.GOU u.uou U I .oorl 
u 0.0 u U.ti,.O II o*lluu 0 .uou 0 1 .a00 0.000 
u 0.0 u o.uuo I1 u*uuu u*uou U J.UUfl 0.000 































: XKi  
0 u ,000 
0 0.000 
5299 


















Fig. B-33. Histogram data from hour 11. Average percent of time that an aircraft spent in a BETA (R',) 
encounter with K or more aircraft. Additional discrimination: R/B < .009 sec.-l. 
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Fig. B-34. Histogram data from hour 11. Average percent of time that an ai:craft spent in a BETA (R’T) 
encounter with K or more aircraft. Additional discrimination: R/Ii c  .005 sec.-l. 
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Fig. B-35. Histogram data from hour 11. 7 Average percent of time that an aircraft spent in a BETA (R-T) 
encounter with K or more aircraft. Additional discrimination: ii/k c  .004 sec.-l. 
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Fig. B-h. Histogram data from hour 11. Average percent of time that an aif;craft spent in a BETA (R2~) 
encounter with K or more aircraft. Additional discrimination: R/k < .OOl sec.-l. 
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Fig. B-37. Histogram data from hour 3.1. AveraRe percent of time that an aircraft spent in a ~fODIFIED TAU 
encounter with I( or mocc sircraft. Additional discrimination: none. 
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Fig. B-35. Fisrogram data from hour i:. :x:-.2-.. percznr of :k!e f.ha: dn aircraft spent in a MODIFIEDTAU 
encounter with K or ‘more aircrn:t ‘.~GAitioncl ctscrininaciun: IAAI < 1000 ft. 
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Fig. B-39. Histogram data from hour II Average percent of time that an aircraft spent in a MODIFIED TAU 
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Fig. B-40. Histogram data from hour 11. Average percent of t ime that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: _ V c.240 kts. 
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Fig. B-41. Histogram data from hour 11. Average percent of time that an aircraft spent in a MODIFIED TAD 
encounter with K or more aircraft. Additional discrimination: Vn < 238.1 kts. 
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Fig. B-42. Histogram data from hour 11. Average percent of time that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: Vn < 167 kts. 
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Pig. B-43. Histogram data from hour 11. Average percent of time that an aircraft spent in a MODIFIED TAU 
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Fig. Bd4. Histogram data from hour 11. Average percent of time that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: Vn < 60 kts. 

APPENDIX C 
HISTOGRAMS OF PERCENT OF TIME IN 
ENCOUNTER STATUS FOR HOURS 2 THROUGH 13 
This Appendix lists the computer printouts of the "Percent of 
time in an encounter status" for hours 2 through 13, excluding hour 11 
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The columns on the printouts are the same as those in Appendix B 
(see page 49 ) and the units used are: 
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Fig. C-l . Histogram data from hour  2. Average percent of time that an  aircraft spent  in a  RANGE 
encounter  with K or more aircraft. Additional discrimination: none. 
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Fig. C-2 . Histogram data from hour 3 __----* 
cxs~n:er wit‘n K or more aircraft. AddiLionnl discrimination: none. 
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Fig. C-3. Histogram data from hour 4. 
encounter with K or moreaircraft. Additional discrimination: none. 
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Fig. C-4 . Histogram data from hour 5 -* Average percent of t ime that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-5. Histogram data from hour 6 -* Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. c-6 . Histogram data frm hour ' -* Average percent of time that an aircraft spent in a RANGE 
emcounter with K ar more aircraft. Additional discrimination: none. 
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Fig. C-7. Histogram data fran hour 8 . . Average percent of time that an aircraft spent in a RANGE 
encounter with K or more alrcraft. Additional discrimination: none. 
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Fig. C-g . Histogram data frw hour 9 -* Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-9. Histogram data from hour 10. Average percent of time that an aircraft spent in a RANGE 
encounter with K or aaircraft. Additional discrimination: none. 
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CASE COUNTS 4468 4402 5a92 JUT6 205b 
Fig. C-10. Histogram data from hour 12. Average percent of time that an aircraft spent in a RANGE 
encounter with E or more aircraft. Additional discrimination: none. 
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Fig. c-11 Histogram data from hour 13. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: none. 
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29.00 ANT1 UP 
Fig. C-12. Histogram data from hour 2 . Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: \$,I < 1.5 deg. 
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Fig, C-13. Histogram data from hour 3 . Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: \bel < 1.5 deg. 
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CASE COUslTS 12604 12591 12522 12282 11754 
Fig. C-14. Histogram data from hour4 . Average percent of t ime that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: I$,1 < 1.5 deg. 
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Fig. C-15. Histogram data from hour 5 . Average percent of time that an aircraft spent in a RANGE 
mrmmter with K or more aircraft. Additional discrimination: ($-I < 1.5 deg. 
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Fig. C-lb. Histogram data from hour 5 . Average percent of time that an aircraft spent in a RANGE 
encounter with K of more aircraft. Additional discrimination: \$,I < 1.5 deg. 
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Fig. C-17. Histogram data from hour 7 . Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: Ieel < 1.5 deg. 
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Fig, CYl&!. Histogram data from hour 8 . Average percent 3f tine that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: \$,I < 1.5 deg. 
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Average percent of time that an aircraft spent in a RANGE Fig.C-19. Histogram data from hour 9 . 
encounter with X or more aircraft. Additional discrimination: ($e( < 1.5 deg. 
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Fig. C-20. Histogram data from hour10 . Average percent of time that an  aircraft spent  in a  RANGE 
encounter  with K or more aircraft. Additional discrimination: IQ 1  < 1.5 dea.  
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Fig. C-21. Histogram data from hour 12. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: ($-( < 1.5 deg. 
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Fig. C-22 Histogram data from hour 13. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: )$-I < 1.5 deg. 
HISTOtiRAHh ,F RI,L~TIV~ ~(A~GE FSH HOUR 2 
PJ Mi+E- OF SCANS '?'/I 
TOTAL ~LYI'G TIME CIU~IT 8A3A 
FILTERING: 50n' ALT. OIFF. 
GT ,tSS 4UT LESj 





































































































































































































































































1.2.00 29? .1.633 

















































































CASE COUhTS 7u13 5171 2855 1224 
Fig. C-23. Histogram data from hour 2 Average percent of time that an aircraft spent in a RANGE 
encounter with K or aaircraft. Additional discrimination: \AAl < 500 ft. 
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CASE COU'dTS 3601 1061 15 
Fig. C-24. Histogram data from hour 3 -. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: IAA\ < 500 ft. 
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Fig. C-25. Histogram data from hour 4 . Average percent of time that an aircraft spent in a RANGE 
encounter with K or moreaircraft. Additional discrimination: \AA\ < 500 ft. 
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Fig. c-26. Histogram data from hour  5  . Average percent of time that an  aircraft spent  in a  RANGE 
encounter with K or aaircraft. Additional discrimination: IAAl <  500 ft. 
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Fig. C-27. Histogram data from hour6 -. Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: JAAJ < 500 ft. 
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Fig. C-28. Histogram data from hour 7 . Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: J~A\ < 500 ft. 
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Fig. C-29. Histogram data from hour 8 . Average percent of t ime that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: JAA~ < 500 ft. 
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Fig. C-30. Histogram data from hour 9 -* Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: IAA~ < 500 ft. 
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Fig. C-31. Histogram data from hour10 . Average percent of time that an aircraft spent in a RANGE 
encounter with K or aaircraft. Additional discrimination: (AA\ < 500 ft. 
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Fig. C-32. Histogram data from hour 12. 
encounter with K or more aircraft. Additional discrimination: ]AAl < 500 ft. 
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CASE COUNTS 0722 5060 2056 663 113 
Fig. C-33. Histogram data from hour13 -- Average percent of time that an aircraft spent in a RANGE 
encounter with K or more aircraft. Additional discrimination: IA.41 < 500 ft. 
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Fig. C-34. Histogram data from hour 2 . Average percent of t ime that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-35. Histogram data from hour 3 .. Average percent of time that an aircraft spent in a TAU 
encounter with K or more ancraft. Additional discrimination: none. 
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Fig. C-36. Histogram data from hour 4 -* Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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CASE cnuv1s 7470 7209 6688 5478 4521 
Fig. c- 37. Histogram data from hour 5 . Average percent of t ime that an aircraft spent in a TAU 
encounter with I( or arcraft. Additional discrimination: none. 
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Fig. c-38. Histogram data from hour 6 . Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-39. Histogram data from hour 7 . Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. c-40. Histogram data from hour 8 . Average percent of time that an aircraft spent in a TAU 3 encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-41. Histogram data from hour 9 -* Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-42. Histogram data from hour10 . Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-43. Histogram data from hour 12 -* Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-44. Histogram data from hour13 -* Average percent of time that an aircraft spent in a TAV 
,encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-45. Histogram data from hour 2 Average percent of time that an aircraft spent in a TAU 
encounter with K or -aircraft. Additional discrimination: ]AA\ < 500 ft. 
+ISToGRAf!S '-IF TAlJ FU> MOUR J 
ht!tl~FI) OF SCANS 943 
701~~ FLYIIUG TIHE COUYT 5795 
FILTH-QING: 5nn' LLT. nIFF, 
OT LEGS 3UT LESS 





n 0 .oon 



























































O.OPO 0 !.rJOn 
0~000 
O.OFO 00 :'K 
0 .ouo 0 3:oon 
o.ono 0 1 .oon 
o.ono 0 7 .oon 
0 .ooo 0 !.non 
0.000 0 3 .oon 
o.ono 0 3.000 
o.o'Jo 0 I.non 
.019 0 I.o0n 
.130 0 I.non 
.1$7 0 2 .oon 
:259 167 0  3.non 7 .oon 
.352 0 1 .!Jofi 
,436 0 ! .oorl 
.556 0 1.00’1 
.7n4 0 n .non 































































379 97 0 
0.01- 30.00 n n -000 0.000 
?0.03- 40.00 0 o*ooo 
40.01- no.00 10 .18S 
O-000 
.195 
50.0'1- PO .oo 211 .371 
90.01- Ino .oo 22 ,408 



















1?0.0'1- 140.00 136 2.521 
140.01- l"O.00 140 2.595 
150 .Ol- 1eo .oo 135 7.502 
190 .Ol- 200 .oo 123 7.280 
200.0~- 220.00 I39 1.650 
22o.on- 240.00 116 7.150 
240.00- 260.00 105 1.946 
2LO.Ocl- 2RO.00 72 ;.335 
290.01- 300.00 85 1.576 
3oo.on- 370.00 44 ,816 
3?0.01- 340.00 57 1.057 
340.0'1- 360.00 53 .9R2 
350.0"- 3R0.00 36 .667 
390.0'1- 4no.00 .259 
4flO.011 At-411 IJP 7:: 17.3R3 
Fig. c-46. Bistogram data from hour 3 Average percent of time that an aircraft spent in a TAU 
encounter with K or aaircraft. Additional discrimination: [AAl < 500 ft. 
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Fig. C-47. Histogram data from hour 4 -- Average percent of t ime that an aircraft spent in a TAU 
encounter wFth K or more aircraft. Additional discrimination: IAAj < 500 ft. 
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Fig. C-48. Histogram data from hour 5 -* Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: IAAl < 500 ft. 
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Fig. C-49. Ristogram data from hour 6 Average percent of time that an aircraft spent in a TAU 
encounter with K or aaircraft. Additional discrimication: ]AA~ < 500 ft. 
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Fig. C-50. Histogram data from hour 7 Average percent of time that an aircraft spent in a TAU 
encounter with K or moreaircraft. Additional discrimination: IAAI < 500 ft. 
























goo.or) d,,n LIP 
K= 1 :: CUM.:: <i 2 %  CUM .:: K= 3 :: CUM.% K: 4 :: Cll4.X 
4 .052 .052 
20 .242 .314 
ll? Y .465 1.779 
197 2.576 4.355 
177 3.315 6.6711 
112 I.465 8.135 
143 1.870 10.005 
157 t.988 11.993 
186 2.433 14.436 
a3 p.E9ll 17-316 
70n 2.616 19.932 
140 I.831 Pt.763 
197 7.51 24.274 
I 8Y 7.36 3 2b* 641 
196 7.563 29.205 
170 2-320 11.533 
17s 2.263 r3.795 
173 2.243 36.0=.8 
ien 3.354 38.412 
19' 2.537 40.949 

































































































































b 0 .or)o 

















47Rl 2151 550 47 0 
i ISTOGRAM(S OF TAIJ FU9 HOUR 
NIIM~~FFI OF SCANS 11-113 
TOIAL FLYIwG TIME CDUYT 7646 
FILT~RINc: 5nn 4LT. oIFF. 
Fig. C-51. Histogram data from hour 8 
encounter with K or =;craft. Additional discrimination: /AA! < 500 ft. 
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Fig. C-52. Histogram data from hour 9 -* Average percent of time that an aircraft spent in a TAU 
encounter’ with K or more aircraft. Additional discrimination: IAAl c 500 ft. 
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Fig. C-53. Histogram data from hour 10. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: ]AA] < 500 ft. 
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Fig. C-54. Histogram data from hour12 -* Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: IAA~ < 500 ft. 
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Fig. C-55. Histogram data from hour 13. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: IAA] < 500 ft. 
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CASK COUNTS 7906 7682 7327 boll:, 3311 
Fig. C-56 . Histogram data from hour 2 --------* Average percent of time that an aircraft spent in a BETA &) encounter with K or more aircraft. Additional discrimination: none. 
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900000. ANo Up 
K. 1 : CUM.:: Kn 2 :: CUM.:; K= 3 :: CUM.2 K= 4 :: CUM.:: 
.l.j16 .a16 0 
.334 1.149 0 
,667 1.816 0 
1.057 2.873 1 
1.427 4.300 1 
0 0~000 U.UOD 0 0.000 0.000 
0 0.000 0,uoo U 0,000 0.000 
0 0.000 U.OOF U 0 .ooo 0.000 
0 0.000 o.oou IJ 0 .ooo 0.000 











440 8.156 28.359 198 3.670 7.581 34 .b30 .b86 U o*ooo 0.000 
483 0.953 37.312 417 7.72Y 15.~10 101 1.872 2.558 9 .I67 .167 
804 14.903 52.215 a21 15.216 3o.r~~ 591 10.955 13.512 IO4 1.928 2.095 
i-075 5.375 2 











2.036 10.287 27 
5.487 15.774 57 
4.430 20.204 113 
0 0.000 O.OO@ U rl.000 0.000 
0 0.000 0.000 0 0.000 0.000 
0 0.000 o.oou 0 0.000 0.000 
1 .019 .OlY 0 0.000 0.000 
2 .U37 .U56 U 0.000 0.000 
-IISTOGHAHS OF BtlA FOR hOUH J 
NUMUtH OF SCANS 943 
TOTAL FLYING TIIIE COUNT >.IJ95 









































557 lo*324 b2.539 550 10.195 40.723 576 10.677 24.109 440 8.156 10.250 85 1.576 1.65P 







14.161 66.765 1169 21.668 56.460 1295 24.004 44.030 1222 22.651 30.195 
74 1.372 02.854 197 5.652 70.417 156 2.892 59.351 2OU 3.707 40.545 282 5.227 35.422 
CASE COUNTS 4470 3799 3202 2619 1911 
Fig. C- 57. Histogram data from hour3 . Average percent of time that an aircraft spent in a BETA (R'T) 
encounter with K or more aircraft. Additional discrimination: ~.one. 
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TOTAL tLYING TlflE COUNT 12611 
FILTtdlNti: NONE 
'UT LESS HUT LESS 
THAN THAN K= 1 r: CUM.:: Kn 2 x CUM.:: K= J :; CUM.?. 6. 4 :: CUM.% Y. Lj ': CUM.:: 
25::- 333. 250 38 6 ,301 .048 .349 Ul 0 o.oolJ u o.uuo 0 u.000 0 iJ.tiuo 0,uoo II 0 0 ,000 so 0 o.ouo 0 000 i 0.000  000 0.000  DUO 
333.- 500. 60 -476 .R25 0 0.000 o.uuo 0 0 .ooo o.nou 0 o*ooo 0.000 0 0:ooo a:000 
500.- 750. 146 1.158 1.982 0 o.oou o.uuo U 0 .ooo 0 .uuu 0 0.000 0.000 0 0.000 o.ouo 
750.- 1000. 158 1.253 3.255 2 .Olb .016 0 0.000 0.000 0 o*ooo 0.000 U 0.000 0.000 
lOOO.- 1200. 153 1.213 4.440 3 .024 .040 0 0.000 ll.uou u 0 .ooo 0.000 0 o.oou 0.000 










900000. AND UP 
721 5.717 12.552 70 .555 
1550 12.291 24.843 381 3.021 
1669 13.234 38.070 934 7.406 
I838 14.575 52.652 1905 15.1Ob 
1279 IO.142 62.794 1670 13.242 
;819 14.524 77.210 2496 19.792 
1210 9.595 06.013 1818 14.4ib 
818 6.486 93.299 1653 13.10~ 
596 4.726 98.025 1288 IO.213 











I .rJot) .uotr U u.000 0.000 
18 .14J .151 1 .oou .OU8 
162 1.283 1.455 17 *I35 ,143 
91" 7.2bJ t1.69Y 202 1.602 1.745 
1.382 10.95Y 19.657 689 5.463 7.208 
2857 22.655 42.312 2212 17.540 24.748 1344 10.657 Ii.291 
2269 I?.992 bO.304 2607 20.672 45.421 2310 18.317 30.608 
2115 lb.771 77.075 2b.iY Z0.13J 65.554 2645 20.974 51.582 
2285 1'3.119 95.195 3305 26.207 91.761 4258 33.764 05.346 










CASE COUNTS 12525 12424 12297 12096 11595 
Fig. C-58 . Histogram data from hour 4 -* Average percent of time that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: none. 
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2000 .- 3000. 
3000.- 4500. 
NuntitH uF SCANS 1072 
TOTAL tLYlNG TIME COUNl 7445 
FILTtRING: NONE 
K= 1 : cuH.v, K= 2 :; CUM.:: K= 3 :; CUM.:: 
206 2.767 2.767 0 o.oou o.ouo 0 0 .ooo o.uou 
60 .I306 3.573 0 o.oou o.uuo 0 0.000 n.000 
95 I*276 4.049 1 .OlJ 0013 
139 1.067 6.716 15 ,201 .L15 
105 1.410 8.126 11 ,148 .Jb3 
73 .981 9.107 9 ,121 .4tJ4 
110 1.477 10.584 24 ,322 .8U6 
215 2.000 13.472 50 ,672 1.4/7 
354 4.755 10.227 $02 1.370 2.640 
446 5.991 24.210 144 1.934 4.762 
0 0.000 o.ouo 
0 0.000 o.oou 
0 o.uoo o.uuo 
0 0.000 o.ouo 
0 0.000 o.lJou 
J ,040 .u4u 
14 .188 ,228 
lb .21> ,443 
K= 
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0 0.000 0.000 
0 0.000 0,ouo 
0 0.000 0.000 
0 0.000 0.000 
U 0.000 0.000 
0 0 .ooo 0.000 
0 0.000 0.000 
0 0.000 0.000 
0.000 0.000 0 0.000 0.000 
0.000 0.000 0 0 .ooo O.dOb 
4500.- 9000. 770 10.450 34.6b7 377 5.064 9.a45 113 1.516 1.961 24 ,522 ,322 6 .OAl ,061 
9000.- 10000. 1001 13.445 48.113 629 0.449 10.294 535 4.500 6.461 9tc 1.316 1.639 I .094 .175 
10000.- 45000. 1346 18.079 66.192 1421 19.08? 37.381 926 12.430 lH.U99 551 7.401 9.040 201 3.774 3.949 
45000.- 90000. 071 il.699 77.091 1271 17.072 54.433 1142 15.339 34.230 856 11.490 20.537 400 6.555 10.504 
90000.- 100000. 683 9.174 07.065 1246 lb.736 71.168 16.924 5,1.162 1174 15.769 36.306 
900000. 
1260 lo27 13.794 24.290 
100000.- 860 11.551 90.616 1660 22.404 93.593 2356 31.645 02.807 2270 30.590 66.904 2135 20.650 52.948 
900000. AND up 70 1.048 99.664 300 4.13? 97.730 490 6.502 09.309 43b 5.083 72.707 540 7.361 60.309 
CASE COUNTS 7420 7276 6655 5419 4430 
Fig. C- 59. Histogram data from hour 5 A Average percent of time that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: none. 
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PUUJ -.!--.- 02 - -.-.-. 
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3ouo.- 4sulJ. 251 6.474 --- 
45uo.- 9oou. 4bo lz.bv 
yoyf?.-._ 1aouu. _ 5x5 14.714 
4.5uou; IdOUO.- 579 lb.227 
45ouo.- Y@UUU. 313 8.772 
Pobub.--ldO-U~~~~--2~~ 7.J43 
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11 J.UUU 0.000 'I U.C3b P.OuO 
U 0 .olJu 0.000 ,J u .UlU 0 .oilo 
u iJ.uuu 0.000 J U.UlU o.ouo 
II u*uuu 0.000 II lJ.u3u o.ollo 
IJ u *uuu o.ouo U lJ.USU 0 .ouo 
U u.uulJ o.uuo u u.lJou o.ouo 
U J.UUU 0.000 II IJ.U~IJ 9.01~0 
(1 o.uulr iI. 0 U.JJU o.ouo 
2-G. *5bl .5bl U O.U3U 0.000 
36 1.5bY 2.130 11 *AIt .3U8 
276 7.567 9.697 106 2.P71 3.279 
361 lu.lld I9.Y15 233 6.67b 9.950 
376 10.594 30.409 374 11.n.432 20.4JP 
9/b 11.354 57.7bJ 89U 24.944 45.375 
‘ii3-X447 61,211 217 6.09<-51.452 
CAst .iOlJNiS 321d ~90-2 25aa 2164 1830 
Fig. C- 60. Histogram data from hour 6 -* Average percent of time that an aircraft spent in a BETA (R*,) 
encounter with K or more aircraft. Additional discrimination: none. 
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122 l-434 5.524 
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22 .25Y 9445 
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0 lb*000 0.000 
0 0.000 0,000 
G  0.000 0.000 
ll o*oolJ 0.000 
0 IJ~OOO 0.000 
; 0.000 0.000 
0 0.000 0.000 
0 o.oou 0.000 
3 ,035 .035 
12 -141 .L76 
55 ,646 ,823 
633 7.440 8.263 
1267 14.892 23.155 
1651 19.405 42.560 
2775 32.616 75.i76 
680 7-992 83.168 
0 0.000 0.000 
0 0,000 0,000 
0 0.000 0.000 
0 0.000 Q.000 
0 0.000 0.000 
U 0.000 0.000 
0 0.000 0.000 
0 0.000 0.000 
0 0.000 0.000 
0 0.000 0.000 
0 o.uoo o.ouo 
0 0.000 0.000 
158 1.857 1.052 
669 7.863 9.72P 
1320 1!~.515 25.235 
3218 37.823 63.058 
988 116613 74.677 
CASE COUNTS 8446 8237 7691 7076 6355 
Fig. C-61. Histogram ddta from hour 7 . Average percent of time that an aircraft spent in a BETA (R*r) 
encounter with K or more aixcraft. Additional discrimination: none. 
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900000, ANO up 
CASE COUNTS 7b3tl 
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35 .45& 3.126 
89 10164 4.2YO 
111 1.452 58742 
121 1.5'33 7-524 
131 1*713 9.067 
190 2.485 11.522 
262 3.688 15.211 
412 'j.38tl 20.599 
391 5.114 25*713 
812 lo.620 36.333 
924 12.085 40.417 
1382 18.075 66.4Y2 
864 11.300 77.792 
805 lo.528 88.320 
636 lo.934 99.254 
49 ,641 99.t)Y5 
0 o.oou o*uuo 
1 ,013 .013 
3 .03Y *us2 
6 .03Y .OY2 
5 .065, 0157 
3 .03Y .1Y6 
6 .07tl or/5 
24 ,514 .t)t19 
80 i-046 i*6J5 
129 1.601 3*S22 
375 4.905 8.227 
617 8.070 16.ZY6 
1432 l8.72Y 35.025 
1439 lB.t)20 53.045 
1374 17.970 11*"15 
1701 22.247 94.062 



































K= 4 :: CUM.:: It= y :: CUM.:: 
0 0.000 o.ouo 
0 0.000 D.JOO 
Ir 0.000 0.000 
G o.oou 0.000 
0 0.000 o~noo 
0 0.000 0.000 
IJ 0 .oou 0.000 
G 0.000 0.000 
U 0 *oou 0 .ooo 
0 0.000 0.000 
Y *118 ,118 
45 .5HY ,706 
3 5 11 4.578 5.204 
b54 10.9OM 16.191 
1202 15.721 51-912 
311'3 40.779 72.69~ 













































7514 7195 6486 34?b 
Fig. c- 62. Histogram data from hour 8 . Average percent of time that an aircraft spent In a BETA (R*r) 
encounter with K or more aircraft. Additional discrimination: none. 
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1.129 1.129 0 o.oou O~UUO 0 o.oou o.oou 
,305 1.454 0 u.000 0 .uuo 0 lJ.000 o.cou 
.610 2..044 2 .031 .OJl 0 0.000 0 .uoo 
-992 3.036 1 ,015 .046 0 0.000 o.uuo 
1.053 4.088 1 .015 -001 0 0.000 U.OUD 
,961 5.050 3 .046 '107 0 0.000 U.OUO 
l-266 6.316 7 ,101 .214 0 0.000 o.uou 
2.136 8.452 10 .15J .Jb6 0 u.oou o.uou 
3.539 11.991 60 1.031 1.404 0 *I22 .122 
4.714 16.705 66 1.001 2.410 3 .046 .lbtl 
4500.- 9000. 644 9.825 26.529 244 5.722 6.133 
9000.- lROO0. 780 12.021 38.551 415 6.331 12.464 
1eooo.- 45000. 1084 16.537 55.088 937 14.294 26.7b.3 
45000.- 90000. 010 12.479 67.567 670 10.34~ 57.101 
90000.- 100000. 634 9.672 77.239 075 13.349 50.430 
180000.- 900000. 710 10.831 88.070 1139 17.376 67.026 
900000. AND UP 220 3.356 91.426 422 6.43U l4.&b4 
CASE COUNTS 5993 4868 
fez 4 :: CUM.:: KI 5 :: CUH.:. 
11 u*ooo o*ooo 
u 0. oou 0.000 
0 o*oou 0.000 
C o*oou 0.000 
c o*ouu 0.000 
IJ o.ouo 0.000 
CI u.000 0.000 
0 o.oou 0 .ooo 
0 u.000 0.000 
u u.oou 0.000 
1 .015 .015 55 ,839 1.007 
116 1.770 2,776 1" .259 .275 
392 5.980 A.757 102 1.556 1.031 
542 0.268 17.025 172 2.624 4.455 
704 Il.960 28.985 435 6.636 11.091 
l;'l; 17.4'33 46.468 1086 ibb 16.567 4 0811 27.658 






























94 1.434 1.95j 
792 12.09;1 1J.IJZU 
225 3.432 17.452 
1144 
Fig. C- 63. Histogram data from hour 9 -- Average percent of time that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: none. 
-ilSTOGtf~tlS Ut BtlA FUG riU:JR IIJ 
rYUHtitH OF SCANS YHb 
lOTAL tLYlNG TIME COUNT 1llJb 
OT LESS hUT LESS 
THAN THAN 
FlLTtnltjC: NONE 









1200 .- 1500. 
1500 .- 7000. 
2000 .- JOUO * 
3000 .- 4500. 
4500 .- 9000. 
9000.- 1YOOO. 
luooo .- 45000. 
45000.- 90000. 
9uooo.- 10oouo. 
lf30000 .- ‘~00000. 












17 4 15.389 



































.781 1. b7 
299 2.684 3.872 Y .081 
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n= 4 :: CUM.:; 
u u so00 Il.000 
IJ u.ouo 0~000 
IJ o.ouo 0.000 
Ll u *ouu 0.000 
II u -0uu o.uoo 
tl u ,000 o.uoo 
u o.ouo o.uoo 
L o.oou o.uoo 
” u.uuo o.uoo 
L u.uou o.ouo 
41 .JbU ..3b0 
0 0:ooo o:ooo 
0 u.uoc o.ouo 
II 0.000 o.ouo 
U u.oou o.ouo 
0 0 .oou o.ouo 
0 u .ooo 0.000 
U o.oou o.ouo 
u 0.000 0 .ouo 
5 .027 .027 
.(Jt)l 
;?.Jbl 
13.540 LU:, 1.841 2.ZU9 55 .476 .5u3 
JC .7Ub 1569 12.291 14.500 52:, 4.714 5.216 
31.317 1953 ll.35t, 51.855 1442 12.947 lb.163 
/,J.U95 2bYo 24.205 56.060 2269 zu.372 58.555 
91.24b 5171 db.470 84.550 4161 37.359 75.093 
Y4.llU 5Yb 3.369 09.899 965 8.64b 84.539 
<. , :: CUM.: 
u 0.000 0.000 
0 0.000 O.OUO 
lU[llJ 9416 
Fig. c-64 . Histogram data from hour 10. Average percent of time that an aircraft spent in a BETA CR%) 
encounter with K or more aircraft. Additional discrimination: none. 
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CASE COUNTS 3575 2466 
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16 .35tl 1.450 
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42 .939 3.308 
70 1.565 4.873 
106 2.369 7.242 
137 3.062 10.304 
357 7.979 18.283 
484 10.818 29.101 
526 11.757 40.858 
458 10.237 51.095 
455 10.170 61.265 
644 14.394 75.659 
190 4.247 79.906 
0 0.000 0 *olJo 0 0.000 0 .UOb 
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0.000 0 O.ODO 
0.000 0 0.000 
.580 0 0.000 
. 939 ,045 
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19.244 179 4.001 
409 
Average percent of time that an &craft spent in a BETA (R'r) Fig. C-65 . Histogram data from hour12. 
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1388 12.908 bl.Y64 1886 
1361 12.65f 74.6’21 1789 
1939 18.032 92.653 2811 






0.000 O .OOG 
a.000 O.OOD 
0.000 0 .GOU 



























































































L *\c ,'U l- 1LUl.J 10407 10177 9b91 9057 
Fig. C- 66. Histogram data from hour13 Average percent of time that an aJ rcraft spent in a BETA (R*T) 
encounter with K or moreaircraft. Additional discrimination: none. 
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Fig. C- 67. Histogram data from hour 2 -* Average percent of time that an aircraft spent in a BETA (R*r) 
encounter with K or more aircraft. Additional discrimination: IAA~ < 500 ft. 
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Fig. C-68. Histogram data from hour3 . Average percent of time that an aircraft spent in a BETA (R2r) 
encounter with K or more aircraft. Additional discrimination: IAA~ < 500 ft. 
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Fig. C-69 . Histogram data from hour 4 . Average percent of time that an aircraft spent in a BETA (R'T) 
encounter with K or more aircraft. Additional discrimination: IAAl < 500 ft. 
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Fig. C-70 . Histogram data from hour 5 -* Average percent of time that an aircraft spent in a BETA (R’T) 
encounter with K or more aircraft. Additional discrimination: ]AAl < 500 ft. 
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Fig. C- 71. Histogram data from hour b . Average percent of time that an aircraft spent in a BETA (R*r) 
encounter with K or more aircraft. Additional discrimination: IAA] < 500 ft. 
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Fig. C-72. Histogram data from hour 7 -* Average percent of time that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: IAA/ < 500 ft. 
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Fig. C-73 . Histogram data from hour 8 . Average percent of time that an aircraft spent in a BETA (R2r) 
encounter with K or more aircraft, Additional discrimination: IAA~ < 500 ft. 
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Fig. C-74. Histogram data from hour 9 . Average percent of time that an aircraft spent in a BETA (R2r) 
encounter with K or moreaircraft. Additional discrimination: IAA~ < 500 ft. 
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Fig. C- 75. Histogram data from hour 10. Average percent of time that an aircraft spent in a BETA (R2,) 
encounter with K or more aircraft. Additional discrimination: IAA~ < 500 ft. 
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3 Fig. C-76. Histogram data from hour12 -* Average percent of time that an aiFcr?ft spent in a BETA (R-T) 
encounter with K or more aircraft. Additional discrimination: Ib~l c  500 ft. 
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Fig. C- 77. Histogram data from hour13 -* Average percent of time that an aircraft spent in a BETA (R-r) 
encounter with K or more aircraft. Additional discrimination: ]AAl < 500 ft. 
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ail. C- 78. Hititogram data from hour 2 -: Average percent of time that an aircraft spent in a BETA (R'r) 
encounter with K or more aircraft. Additional discrimination: E/i < .OOl sec. 
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Fig. C-79. Histogram data from hour3 d Average percent of time that an aircraft spent in a BETA (R*r) 
encounter with K or more aircraft. Additional discrimination: g/k < .OOl sec. 
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Fig. C- 80. Histogram data from hour 4 -* Average percent of time that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: it/R < .OOl sec. 
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Fig. c-81 . Histogram data from hour5 . Average percent of time that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: c/8 < .OOl sec. 
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Fig. c-82 , Histogram data from hour b . Average percent of t ime that an aircraft spent in a BETA (R*r) 
encounter with K or more aircraft. Additional discrimination: z/i < .OOl sec. 
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Fig. C-83 . Histogram data from hour7 -* Average percent of time that an ai;yrft spent in a BETA (R*r) 
encounter with K or more aircraft. Additional discrimination: < .OOl sec. 
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Fig. C- 84. Histogram data from hour 8 Average percent of time that an aircraft spent in a BETA (R'T) 
encounter with K or -aircraft. Additional discrimination: ii/i < .OOl sec. 
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Fig. C-85. .Histogram data from hour 9 . Average percent of time that an aircraft spent in a BETA (R*r> 
encounter with K or more aircraft. Additional discrimination: a/a < .OOl sec. 
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Fig. C-86. Histogram data from hour 10. Average percent of t ime that an aircraft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: ii/i < .OOl sec. 
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Fig. C-87 . Histogram data from hourl2. Average percent of time that an aircraft spent in a BETA (R'T) 
encounter with K or more aircraft. Additional discrimination: i/i < .OOl sec. 
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Fig. C- 88, Histogram data from hour l3. Average percent of time that an aircfaft spent in a BETA (R*T) 
encounter with K or more aircraft. Additional discrimination: R/R < .OOl sec. 
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Fig. C- 89. Histogram data from hour 2 . Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-90 . Histogram data from hour 3 . Average percent of time an aircraft spent in a MODIFIED TAU 
encounter tiith K or more aircraft. Additional discrimination: none. 
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Fig. C-91. Histogram data from hour 4 -- Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-.92 , Histogram data from hour5 -' Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C- 93. Histogram data from hour 6 -- Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-94. Histogram data from hour 7 Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or aaircraft. Additional discrimination: none. 
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Fig. C-95 . Histogram data from hour 0 . Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C- 96. Histogram data from hour 9. Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-97 . Histogram data from hour 10. Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C- 98. Histogram data from hour 12. Average percent of time an aircraft spent in a MODIFIED TAW 
encounter with K or aaircraft. Additional discrimination: none. 
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Fig. C-99 . Histogram data from hour13 -------- Average percent of time an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: none. 
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Fig. C-100. Histogram data from hour 2 . Average percent of time that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: 1~~1 c 500 ft. 
i ISTyGkAtlS IIt MUuIFltD TAu FIJI: HOUN 3 
NUHBtM Of SCANS Y4.5 
TOTAL ~LYIIuG T~HE COUNT 3.5Y5 _.- .._.__ - -_-_ - - .- -. 
FILTtHINL;: 500' ALT. DIFF. 
UT LESS HLLT LiS> 
iHAN THAV K= 1 r curl.:: <= 2 :; CUM.:: K= 3 :: cull.: K-4 r; ,UU.:: 
-.-. - _____. -__.----__-__--- - --.- ---- 
20*00’ 25.00 0 U~OOO o.uoo 0 o.oou 0souo 0 o.oou o.ui10 0 .I . [I J :I n .nuo __-.- - 
25.00- .3u.00 O.JOO 0 0.000 o.ouo -0 0.ooi.l O.UI!O 0 /I * 1, u n ii-. n 0 0 
3q.o0- 55.00 ,222 0 0.000 o.ouo 0 o.oou 0.000 0 ' I.OUn J.UUU 
40.00 35.00- i741 0 o.doo 0:duo U 0.001) U*lJUO 0 L, .ilUfl 0.000 
4o.rJo- 45.00 48 1.631 0 0.000 o.ouo 0 u.000 0.000 0 LI.UUll 1.000 
4i.io-- 
.___. 
. ..__ 2.376 ~... 
-.- -.. 
50.00 51 .Y45 0 o.ooo- - LiiVUlY 0 o.ijrlu - u.o[lG U ,rl , (I u il lI.OU!l 
50.00- 55.00 56 1.075 3.652 0 0.000 0.uuo I) ,J .FtiR 
55.00- 60.00 54 l-001 4.652 0 0.000 0 l ouo - 0 --Trmi- 
60*!‘01-. -.-__ 65.00 0 0.000 o*ouo 0 o.oou o.ouo 0 J . (I 0 fl 
G  
~-. 
9 . i-67 70.00 iI67 0 o.lJoo O.OiJIj U  ".UlJll 
43 75.00 142 2.632 11.121 61 1.131 l-C97 V .167 .lb7 0 ~.oun 
75.00- 0f.00150~ 13.muz !x 1.mtT 2;335 - 8 .14ti .JlS U 3 , G  J ;1 
eo.uo- 05.00 186 3.440 17.349 44 *016 3.121 
85.00- 90.00 lb8 3.114 20.46.3 54 00 4*i!s- 
90.00- 95.00 120 Z-373 ?2.d36 56 ::03: 5.190 95.00- j iFOJZm~ 
~- -- 
90 1.668 -24 i-b-r4 43 . . . . . tai -. 5;9jl. 
100.00- 110.00 201 3.726 28.231~ 158 2.929 8.860 
'1~OIUU~ 12IxIIT -1eT 3-;336---31:566- j69 3;i33-- 1$;9?73. 
pJ.00' 130.00 lb4 3.040 34.606 173 3.207 IS-t99 
130.00- 14U.OU 161 2.984 57 . ZYU 6.5 1.168 16-.5'J1 
i40.00- i50.00 50 -.927 3&.>17 38 .7u4 17.071 
15U.OO--i6KUL~~ -3v.- .7T3 3x241) i4- .259 i7iT3l 
160.00- j70.00 58 1.U75 40.315 1.3 *24l 17*5/P 
lib.oli~- 1ea;oa --- -- 3 .a56 40.371 O- OiOIlCI-IF572 
190.00- 200.00 2 .037 40.40d 2 .037 17,609 .--.--- AN" _ 200.00 UP 0 0.000 40 . 40 b . . 
--g-, . 1.372 4.671 
6.W 
54 1.001 7.u44 
5 .093 7.136 
1 9019 7.;55 
3 iU56 7.,210 


































































Fig. C-101. Histogram data from hour 3 . Average percent of time that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: IAAl < 500 ft. 
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Fig. C-102 Histogram data from hour 4 , Average percent of t ime that an aircraft spent in a MODIFIED TAO 
encounter with K or more aircraft. Additional discrimination: IAA~ < 500 ft. 
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Fig. C-103. Histogram data from hour 5 . Average percent of time that an aircraft spent in a NODIFIELI TAlJ 
encounter with K or more aircraft. Additional discrimination: IAAI < 500 ft. 
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Fig. C-104. Histogram data from hour 6 . Average percent of time that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: JAA~ < 500 ft. 
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Fig. C- 105. Histogram data from hour 7 . Average percent of t ime that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: /AA/ < 500 ft. 
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Fig. C- 106. Histogram data from hour 8 
encounter with K or moreaircraft. 
Average percent of time that an aircraft spent in a MODIFIED TAU 
Additional discrimination: IAA] < 500 ft. 
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Fig. C-107. Histogram data from hour 9. Average percent of time that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: IAA] < 500 ft. 
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Fig. C-108. liistogram data from hour 10. Average percent of t ime that an aircraft spent in a MODIFIED TAU 
encounter with K -r more aircraft. Additional discrimination: 1~~1 < 500 ft. 
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Fig. C-109. Histogram data from hour 12. Average percent of t ime that an aircraft spent in a MODIFIED TAU 
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Fig. C-110. Histogram data from hour13 , Average percent of t ime that an aircraft spent in a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: IAAl c 500 ft. 
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Fig. C-111. Histogram data from hour 2 . Average percent of t ime that an aircraft spent in a ! lODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: Vi < 167 kts. 
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Fig. C-112. Histogram data from hour 3 -* Average percent of time that an aircraft spent In a MODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: Vn < 167 kts. 
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Fig. C-113. Histogram data from hour 4 . Average percent of time that an aircraft spent in a XODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: < 167 kts. 
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Fig. C-114. Histogram data from hour 5 -* Average percent of time that an aircraft spent In a MODIFIED TAD 
encounter with K or more aircraft. Additional discrimination: V, c  167 kts. 
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Fig. C-115.. Histogram data from hour 6. Average percent of time that an aircraft spent in a IIODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: V < 167 kts. 
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Fig. c-116. Histogram data from hour 7 . Average percent of time thit an aircraft spent in a HODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: V < 167 kts. 
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Fig. C-117. Histogram data from hour 8 -* Average percent of time that an aircraft spent in a XODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: V- < 167 kts. 
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Histogram data from hour g. Average percent of time that an aircraft spent in a MODIFIED TAU 
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Histogram data from hour 10. Average percent of time that an aircraft spent in a NODIFIED TAU 
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Fig. C-120. Histogram data from hour I? . Average percent of time that an aircraft spent in a PIODIFIED TAU 
encounter with K or more aircraft. Additional discrimination: V < 167 kts. " 
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Fig. c-121. Histogram data from hour 13. Average percent of time thaf an aircraft spent in a XODIFIED TAU 
encounter with K or -aircraft. Additional discrimi'nation: V- < 167 kts. 
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Fig. C-122. Histogram data from hour 2 . Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: Vn c 60 kts. 
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Fig. C- 123. Histogram data from hour 3 . Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: V- < 60 kts. 
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Fig. C- 124. Histogram data from hour 4 . Average percent of time that an aircraft spent in a TAU 
encounter with K or mere aircraft. Additional discrimination: V, < 60 kts. 
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Fig. C-125. Histogram data from hour 5 . Average percent of t ime that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: n V <60kts. 
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Fig. C-126. Histogram data from hour 6. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: Vn < 60 kts. 
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Fig. C-127. Histogram data from hour 7 -* Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: n V <60kts. 
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Fig. C- 128. Histogram data from hour 8. Average percent of time that an aircraft spent in a TAU 
encounter with K or moreaircraft. Additional discrimination: Vn < 60 kts. 
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Fig. C-129. Histogram data from hour 9 -- Average percent of time that an aircraft spent in a TAU 
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Fig. C-130. Histogram data from hour 10. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: Vn c 60 kts. 
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Fig. C-131. Histogram data from hour 12. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: Vn < 60 kts. 
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Fig. C-132. Histogram data from hour 13. Average percent of time that an aircraft spent in a TAU 
encounter with K or more aircraft. Additional discrimination: Vn ( 60 kts. 

APPENDIX D 
HISTOGRAMS AND PLOTS OF PERCENT OF TIME 
IN AN ENCOUNTER STATUS -- ALL HOURS COMBINED 
In this appendix, the data from all hours are combined to provide 
composite "percent of time in an encounter status" data. For selected 
encounter definitions, the mean value and standard deviation of the 
variation between hours is calculated for each histogram increment. 
Figures D-l through D-11 plot the composite data, while the data are 
















beI < 1.5 
IN < 500 ft. 
None 
v < 60 kts n 
None 
IAA[ < 500 ft. 




IbAl < 167 kts. 
'n -c 167 kts. 
The case of Tau - [AA~ < 500 ft. is given in the main body of the report 
on P. 24. 
231 
Table D-l. Mean and standard deviation of histogram data 
between hours for encounter definition as shown. 
VALUES OF RANGE (NM) ADDITIONAL DISCRIMINATION - NONE 
HOUR o- 1 1-2 2-3 3-4 4-5 5-6 6-7 
2 .373 1.568 10.040 26.885 42.859 52.924 58.683 
3 .371 .964 Y.044 22.891 36.886 46.042 53.605 
4 .143 1.760 10.578 31.996 51.257 60.154 70.161 
5 .645 4.620 10.771 21.461 33.656 41.660 48.388 
6 1.345 5.269 12.528 22.730 35.426 50.224 62.500 
7 .400 2.927 9.520 25.176 41.161 51.669 60.084 
8 .811 4.669 12.582 27.164 38.151 47.829 57.507 
9 .717 2.913 10.477 24.005 36.785 46.271 54.335 
10 .413 1.903 8.978 30.023 48.393 59.786 68.684 
11 .138 3.045 13.862 42.690 61.031 69.537 74.153 
12 0.000 .089 5.342 12.159 22.396 32.700 42.512 
13 .353 3.590 11.178 30.336 47.615 57.900 64.828 
MEAN .476 2.776 10.742 26.460 41.301 51.391 59.624 













.224 .672 3.770 12.864 20.776 27.469 31.028 
0.000 0.000 1.668 4.819 8.767 11.937 15.236 
.095 .841 8.485 24.304 36.246 41.369 46.491 
.054 1.168 2.767 5.990 10.234 13.484 16.371 
.168 1.738 5.689 12.248 20.011 26.485 33.436 
0.000 .071 1.128 5.830 11.883 15.903 18.923 
0.000 .602 3.113 10.254 15.237 20.547 24.745 
0.000 .488 2.014 6.346 11.289 16.110 19.695 
.090 .323 3.160 12.983 21.368 27.042 31.738 
.081 .773 9.394 24.544 36.193 43.968 47.745 
0.000 0.000 .492 1.341 2.190 3.688 5.118 
.074 ,409 1.990 7.551 17.502 24.728 29.759 
XEAN .065 .590 3.639 10.756 17.641 22.728 26.690 
STD. DEV. .071 .486 2.701 6.989 9.880 11.245 12.079 
f 
Table D-Z. Mean and standard deviation of histogram data 
between hours for encounter definition as shown. 
VALUES OF RANGE (NX) ADDITIONAL DISCRIXINATION IAA/ < 500' 
o-1 1-2 2-3 3-4 4-5 5-6 6-7 
Table D-3. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF RANGE (N:4) ADDITIONAL DISCRIMINATION: be < 1.5" 
HOUR o-1 l-2 2-3 3-4 4-5 5-6 6-7 7-8 
2 .149 .523 3.446 12.466 21.062 29.087 34.051 41.552 
3 0.000 0.000 1.446 4.523 9.342 13.735 19.778 27.525 
4 .032 .745 8.247 24.122 36.635 43.073 52.835 60.883 
5 0.000 .873 2.203 5.386 11.323 15.850 19.664 28.865 
6 .056 .448 3.728 10.706 19.647 28.587 38.901 48.486 
7 0.000 .024 .893. 5.724 13.035 18.688 25.975 36.636 
8 0.000 .497 2.354 9.547 15.001 21.684 28.211 32.958 
9 0.000 .153 .915 5.309 10.679 17.010 25.522 33.577 
10 .018 .126 2.352 12.085 21..575 29.458 38.858 49.066 
11 .041 .261 8.385 24.666 37.187 46.475 53.574 60.339 
12 0.000 0.000 .313 .581 1.520 3.979 7.018 10.885 
13 0.000 .056 1.525 8.091 16.070 23.370 29.917 37.487 
MEAN .024 ,308 2.983 10.267 17.756 24.257 28.942 39.021 
STD. DEV. .032 .288 2.571 7.122 10.090 11.55 12.95 13.63 
N W  
CJl 
Table D-4. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF TAU (SEC) ADDITIONAL DISCRI?IINATION: None 
25.857 32.308 
4 .111 29.768 ~ 43.113 51.518 
I 
5.195 11.801 ~ 20.686 30.266 39.328 
8 .288 2.354 6.906 : 14.190 22.574 30.133 1 37.444 
9 .183 1.098 1 2.i ,8 7.198 13.573 20.024 25.850 
10 .269 1.248 3.a79 9.562 21.162 35.904 50.090 
11 .130 1.254 ; .979 21.397 36.639 47.419 55.406 
12 .045 .045 1.341 4.336 8.426 12.874 17.345 
13 .205 .465 2.437 10.258 23.714 33.563 40.872 
xE.AN .213 1.261 4.257 11.109 21.246 30.548 38.644 
STD. DEV. .105 .764 2.010 3.900 6.862 8.903 10.268 
Table D-5. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF TAU (SEC) ADDITIONAL DISCKI4IINATION \AA( < 500 FT. 
HOUR 0 - 20 20 - 40 4d - 60 60 - 80 80 - 100 100 - 120 120 - 140 
2 .025 .050 .697 3.471 7.091 11.321 15.464 
3 0.000 0.000 .185 .556 .964 2.447 4.968 
4 .016 .063 .825 4.559 12.243 18.309 22.821 
5 0.000 .725 2.391 4.432 6.474 8.126 9.550 
6 .224 1.289 2.887 4.877 8.324 13.426 12.864 
7 .024 .047 .341 1.140 2.315 4.290 6.417 
8 .052 .314 1.779 4.355 6.670 8.135 10.005 
9 0.000 0.000 0.000 .305 .824 1.449 2.151 
10 .Oj.8 .215 .628 1.347 2.855 5.540 8.071 
11 .081 .326 2.035 5.089 7.686 10.234 13.084 
12 0.000 0.000 .224 .581 1.341 2.146 2.727 
I 
13 .074 ,205 1.153 4.436 9.207 12.071 14.749 
MEAN .042 .269 1.095 2.929 5.499 7.874 10.239 
STD. DEV. .055 .366 .915 1.864 3.579 4.765 5.704 
Table D-6. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF TAU (SEC) ADDITIONAL DISCRIMINATION: n V < 60 KT 
HOUR 0 - 20 20 - 40 40 - 60 60 - 80 80 - 100 100 - 120 120 - 140 
2 0.000 0.000 .124 .958 2.575 4.927 7.340 
3 0.000 .148 .408 .741 1.223 2.224 3.244 
4 .016 .048 .159 .389 1.039 2.910 6.011 
5 0.000 .537 1.316 2.055 3.909 6.232 9.255 
6 .112 .448 .841 2.102 4.092 6.642 10.566 
7 .024 .188 .517 1.199 2.703 4.490 6.077 
8 0.000 .340 1.046 2.550 4.355 6.304 8.200 
9 .031 .031 .122 .244 .717 1.571 2.227 
10 .054 .198 .611 1.131 2.164 3.394 5.189 
11 0.000 .049 .326 1.392 2.687 3.729 4.991 
12 0.000 0.000 0.000 .268 .671 1.162 1.788 
13 .019 -112 .177 .446 1.293 2.604 4.650 
MEAN .021 .I74 .470 1.122 2.285 3.849 5.795 
STD. DEV. .032 .170 .395 ,742 1.270 1.797 2.592 
NJ W  
4 
Table D-7. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF BETA (NM2-SEC) ADDITIONAL DISCRI>iINATION: NONE 
HOUR 0 - 250 250 - 500 500 - 750 750 - 1000 1000 - 1500 1500 - 2000 2000 - 3000 3000 - 4500 
2 .697 1.468 2.501 4.006 7.527 11.806 18.113 26.959 
3 .816 1.816 2.873 4.300 7.451 10.287 15.774 20.204 
4 .301 .825 1.982 3.235 6.835 12.552 24.843 38.078 
5 2.767 4.849 6.716 8.126 10.584 13.472 18.227 24.218 
6 2.522 4.372 5.998 7.651 10.454 12.192 15.779 22.253 
7 1.598 2.797 4.090 5.524 8.874 11.295 16.420 23.942 
8 2.668 4.290 5.742 7.324 11.522 15.211 20.599 1 25.713 
9 1.129 2.044 3.036 4.088 6.316 8.452 11.991 16.705 
i0 .988 1.814 2.783 4.076 6.725 10.029 17.059 28.156 
11 .863 3.314 6.220 10.177 16.968 22.903 32.576 42.876 
12 .089 .492 1.073 1.430 3.308 4.873 7.242 10.304 
13 .539 1.125 2.176 4.064 14.787 13.261 21.027 29.629 
i-mud 1.248 2.433 3.761 5.333 9.279 12.194 18.359 25.753 
STD. DEV. .891 1.410 1.838 2.378 3.671 4.119 6.051 8.351 
Table D-8. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF BETA (W2-SEC) ADDITIONAL DISCRIMINATION: \AA] c 500 
HOUR 0 - 250 250 - 500 500 - 750 750 - 1000 1000 - 1500 1500 - 2000 2000 - 3000 3000 - 4500 
2 .224 .523 .796 1.418 2.675 4.143 7.626 11.831 
3 0.000 0.000 .222 .408 .630 .964 1.501 2.169 
4 .079 .428 1.094 2.078 4.290 7.374 13.956 20.910 
5 1.128 2.122 2.901 3.143 3.680 4.258 5.547 7.629 
6 1.345 2.691 3.756 4.737 6.194 7.455 9.613 13.929 
7 0.000 0.000 .141 .235 .893 1.399 2.480 3.832 
8 .105 .523 .837 1.360 3.322 5.088 7.586 9.547 
9 .061 .214 .244 .244 ,275 .427 .885 1.281 
10 .180 .413 .700 1.077 1.796 2.406 3.753 6.626 
11 .277 .782 1.759 3.428 5.683 7.360 9.323 12.360 
12 0.000 0.000 .268 .492 .983 1.207 1.699 2.369 
13 .186 .428 .967 2.213 4.761 7.663 12.517 la.144 
UEAN .298 .677 1.140 1.736 2.931 4.145 6.373 9.218 
STD. DEV. .430 .215 1.086 1.374 1.953 2.710 4.242 6.146 
HOUR 3 - 250 250 - 500 500 - 750 750 - 1000 1000 - 1500 1500 - 2000 2000 - 3000 
2 0.000 0.000 0.000 0.000 .124 .398 1.070 
3 0.000 .111 .185 .297 .482 .630 .927 
4 .032 .095 .174 .238 .698 1.031 1.871 
5 .349 .779 1.128 1.451 1.988 2.391 3.156 
6 .280 .392 .392 .673 1.289 2.242 3.251 
7 .118 .259 .306 .423 .564 .823 1.293 
8 .157 .288 .471 .628 1.360 2.066 3.008 
9 0.000 0.000 .031 .092 .305 .427 .824 
10 .X8 .215 .287 .467 .646 .808 1.401 
11 .033 .114 .228 .489 .814 1.229 2,092 
12 0.000 0.000 0.000 0.000 .089 .179 .313 
13 .037 .112 .112 .186 .651 .781 1.079 
MEAN .092 .197 .276 .412 .750 1.083 1.685 
STD. DEV. .155 .210 .293 .381 .528 .718 .955 
Table D-9. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
1 
VALUES OF BETA (NM'-SEC) ADDITIONAL DISCRIKINATION: ii/i < .OOl SEC -1 















Table D-10. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
, 
HOUR 0 - 10 10 - 20 
2 .025 .174 
3 .074 .519 
4 .032 .190 
5 .lOJ 1.021 
6 .056 1.009 
7 .OJl .940 
8 .078 .994 
9 .061 .519 
10 .126 .646 
11 .033 .228 
12 0 .045 
13 .112 .298 
MEAN .064 .548 
STD. DEV. .032 .351 
VALUES OF MODIFIED TAU (SEC) ADDITIONAL DISCRIMINATION: None 
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Table D-11. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF MODIFIED TAU (SEC) ADDITIONAL DISCRIMINATION: IAAI < 500 FT 
HOUR 0 - 10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70 
2 .025 .025 .323 2.700 12.789 19.980 27.445 
3 0 0 0 .741 2.576 4.653 8.489 
4 .016 .016 .317 4.480 21.925 32.963 39.783 
5 0 .215 1.800 3.989 7.683 11.471 16.024 
6 0 .673 2.831 6.698 13.621 21.244 29.372 
7 0 .024 .047 .952 4.090 9.285 13.611 
8 0 .078 .575 3.584 9.783 14.648 20.965 
9 0 0 .092 .305 1.556 4.348 9.001 
10 0 .144 .359 1.652 6.734 14.599 22.078 
11 .033 .114 .635 5.903 15.217 28.122 38.422 
12 0 0 0 1.073 2.235 4.493 6.460 
13 .019 .130 .372 5.124 17.976 29.675 36.566 
MEAN .007 .118 .612 3.100 9.682 16.290 22.351 
STD. DEV. 0 .179 .814 2.085 6.388 9.706 11.480 
Table D-12. Mean and standard deviation of histogram data between 
hours for encounter definition as shown. 
VALUES OF MODIFIED TAU (SEC) ADDITIONAL DISCRIMINATION: Vn < 167 KT 
HOUR 0 - 10 10 - 20 20 - 30 30 - 40 I t 40 - 50 p-j) 
I 
2 0 0 .498 2.264 ,/ 
3 .037 .259 1 .778 2.595 I- 7.396 i 13.475 1, 18.239 
! 11.470 i 20.801 30.;44 
4 O  I .079 I .254 , 2.585 12.394 25.430 37.856 , pi 
5 .081 .457 2.230 5.682 p 12.330 19.731 28.959 
6 0 .392 ! 1.850 5.689 ' 10.622 19.563 33.296 
I 
7 0 .329 I 1.105 3.644 9.708 I 18.089 27.304 
8 .052 ' .575 1 2.328 i 6.435 12.386 19.814 30.225 
I 9 .061 .275 .885 2.700 ~ 6.789 12.647 19.024 
10 .036 .323 .790 2.604 9.499 19.986 32.699 
11 .016 .081 .814 6.945 19.964 36.378 46.873 
12 0 0 .089 1.386 3.800 7.711 12.427 
13 .056 .I67 .474 2.949 10.038 23.016 34.933 
MEAN .028 .244 1.007 I 3.789 10.533 19.720 29.339 
STD. DEV. 0 .176 .711 1.790 3.776 6.820 8.943 
RANGE (R,), NAUTICAL MILES 
100 
- ALL HOURS 
RANGE < RI. 
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RANGE (Rk), NAUTICAL MILES 
Fig. D-l. Average percent of time that an aircraft was in Fig. D-2. Average percent of time that an aircraft 
an encounter defined by range < 5, plotted vs. was in an encounter defined by range 
Rk 
for all 12 hours of data. Curves showing the < and relative elevation angle < 1.5' 
mean, t one standard deviation, and the maximum 9 plo ted vs. \ for all 12 hours of data. 
and minimum values calculated are shown. Curves showing the mean, -+ one standard 
deviation, and the maximum and minimum 
values calculated are shown. 
Y ul 
RANGE (Rk), NAUTICAL MILES 
Fig. D-3. Average percent of time that an aircraft was in 
an encounter defined by range ( Rk and altitude 
difference < 500 ft plotted vs. RR for all 12 
hours of data. Curves showing the mean, f one 
standard deviation, and the maximum and minimum 
values calculated are shown. 
- ALL HOURS 
0.1 ,: I I 
0 20 40 60 60 100 I20 140 
TAU kk).SECONDS 
Fig. D-4. Average percent of time that an aircraft 
was in an encounter defined by tau < T 
plotted vs. TV for all 12 hours of da&. 
Curves showing the mean, + one standard 
deviation, and the maximum and minimum 
values calculated are shown. 
O-l:, I i I 1;: I I 
I 
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TAU (1, SEC08NODS 
100 120 140 
Fig. D-5. Average percent of time that an  aircraft was in 
an  encounter  def ined by tau < ~~ and  normal 
velocity c 60  kts plotted vs. T 
kh 
for all 12  
hours of data. Curves showing e  mean,  f one  
standard deviation, and  the maximum and  minimum 
values calculated are shown. 
Fig. D-6. Average percent of time  that an  aircraft 
was in an  encounter  def ined by beta (R2r) 
<  Rk plotted VS. 
data. 
6 for all 12  hours of 
Curves showing the mean,  +  one  
standard deviation, and  the maximum and  
minimum values calculated are shown. 
: ALTITUDE DIFFERENCE S 500 ft. 
Fig. D-7. Average percent of time that an  aircraft was in an  
encounter  def ined by beta < RR and  altitude difftrence 
< 500  ft. plotted vs. JBk for all 12  hours of data. 
Curves showing the mean,  f one  standard deviation, and  
the maximum and  minimum values calculated rare shown. 
I BETA S & AND 
I 
- / wv,s ,001 set-’ i 
c / -, 
L  
Fig. D-8. Average percent of time that an  aircraft 
was >,n.an encounter  def ined by beta < t3R 
and  R/R < .OOl set" plotted vs. q  for 
all 12  hours of data. Curves showing the 
mean,  f one  standard deviation, and  the 
maximum and  minimum values calculated are 
shown. 
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MODIFIED TAU (T’mk). SECONDS 
!ODlFlE 
iLTlTUD 
TAU s r, 
I IFFEREI 
Fig. D-9. Average percent of time that an  aircraft was in an  Fig. D-10. Average percent of time that an  aircraft 
encounter  def ined by modif ied tau < T for all 12  
hours of data.Curves showing the meaif: -C one  
was in an  encounter  def ined by modif ied 
tau < T and  altitude dif ference < 500  
standard deviation, and  the maximum and  minimum ft. p lo?ked vs. T for all 12  hours of 
values calculated are shown. data. Curves sho%ng the mean,  +  one  
standard deviation, and  the maximum and  
minimum values calculated are shown. 
Fig. D-11. 
MODIFIED TAU (Tmk).SECONDS 
Average percent of time that an aircraft was in an encounter 
defined by modified tau < 'I and normal velocity < 167 kt 
plotted vs. ~~~ for all 12 %urs of data. Curves showing 
the mean, ? one standard deviation, and the maximum and 
minimum values calculated are shown. 

APPENDIX E 
DURATIONS OF ENCOUNTER FOR 
VARIOUS SPECIFIC ENCOUNTER DEFINITIONS 
Tables E-l through E-12 list the distribution of encounter durations 
for selected encounter definitions, and for all hours of data. In each 
table, the average duration for all hours is calculated, and a composite 
average over all hours and all encounters is listed in the lower right 
hand comer. 
It should be noted that the durations are of necessity calculated 
in four second intervals, since the data are obtained every four seconds. 
Thus, a duration 4 seconds corresponds to a single scan encounter, 8 
seconds to a two scan encounter, etc. 
Figures E-l through E-4 plot the cumulative distributions of encounter 
durations for the various warning criteria. 
251 
Table E-l. Durations of single threat encounters defined by R ' 4 nm. 
HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR AVG. 
6 7 8 9 10 11 12 13 VALUES 









































HOUR HOUR HOUR HOUR 
2 3 4 5 
N %  
180 - 9 7.2 
120 180 11 8.8 
100 120 9 7.2 
80 100 4 3.2 
60 80 12 9.6 
40 60 20 16.0 
36 40 9 7.2 
32 36 1 .8 
28 32 6 4.8 
24 28 4 3.2 
20 24 2 1.6 
16 20 5 4.0 
12 16 6 4.8 
8 12 7 5.6 
4 8 6 4.R 























N  %  N %  N  x 
9 13.6 34 21.6 
3 4.5 11 7.0 
4 6.1 8 5.1 
5 7.6 4 2.5 
1 16.7 13 6.3 
8 12.1 20 12.7 
0 0 6 3.8 
0 Cl 4 2.5 
8 12.1 9 5.7 
2 3.0 4 2.5 
2 3.0 7 4.5 
2 3.0 11 7.0 
1 1.5 8 5.1 
5 7.6 2 1.3 
4 6.1 5 3.2 































































































































































80 138 , 96 68 148 
89.8 80.9 62.9 87.7 93.2 j 104.1 
Table E-Z. Durations of single threat encounters defined by R 4 nm 





HOUR HOUR HOUR 
10 









































































0 0 0 0 
I 
4 4.9 : 6 22.2 
3 3.7 0 0 
4 4.9 2 7.4 
3 3.7 0 0 
0 0 4 14.8 
6 7.4 2 7.4 
6 7.4 3 11.1 




















0 0 4 13.3 
2 4.9 '2 6.7 































2 12.5 3 2.7 , 4.5 7.3 ; 
0 0 6 5.4 ! 2.6 4.5 i 
0 3.4 5.4 
















































2.2 ! 0 
6.7 j 0 
0 4 
4.4 2 
6.7 1 0 
0 2 




0 0 ( 10 9.0 
2 12.5 8 7.2 
0 0 2 1.8 
0 0 4 3.6 




























I / / 
I 81 49.9 27 121 36.1 101.5 
























DURATION HOUR HOUR HOUR HOlJR HOUR HOUR 


























































































22 60 68 30 









N x N x 
0 0 0 0 
0 0 .08 0 
0 0 .33 .6 
0 0 .5 .9 
0 0 .25 4.2 
4 7.1 8.6 16.0 
0 0 2.6 4.8 
2 3.6 2.0 3.7 
6 10.7 4.3 8.0 
4 7.1 3.7 6.9 
4 7.1 3.5 6.5 
2 3.6 2.4 4.5 
6 10.7 3.9 7.3 
.2 21.4 4.7 8.0 
6 10.7 4.8 a.9 
.O 17.9 0.2 19.0 
56 53.7 
19.0 26.9 

































































































































Table E-4. Durations of single threat encounters defined by T '. 60 sec. 





























N %  N . 7
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2 14.3 0 0 
0 0 0 0 
0 0 0 0 
2 14.3 0 0 
0 0 0 0 
2 14.3 0 0 
0 0 2 50.0 
2 14.3 0 0 
0 0 0 0 







N . 7 N %  
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 4 17.4 
0 0 2 8.7 
0 0 3 13.0 
4 11.8 0 0 
2 5.9 3 13.0 
0 0 1 4.3 
2 5.9 0 0 
0 0 0 0 
2 5.9 2 a.7 
2 5.9 0 0 
8 23.5 3 13.0 
14 41.2 5 21.7 
34 23 
12.7 32.0 1 
HOUR 
6 


















































































HOUR HOUR HOUR 
LO 11 12 
N x N %  
0 0.0 0 0 
0 0 0 0 
0 0 0 0 
0 0 2 4.7 
0 0 0 0 
2 11.1 4 9.3 
0 0 0 0 
0 0 2 4.7 
0 0 3 7.0 
0 0 3 7.0 
2 11.1 4 9.3 
2 11.1 7 16.3 
2 11.1 3 7.0 
4 22.2 5 11.6 
2 11.1 2 4.7 

























N X N X 
0 0.0 0 0 
0 0.0 0 0 
0 0.0 0 0 
0 0.0 .17 .9 
0 0.0 .33 1.7 
0 0.0 1.17 6.3 
0 0.0 .58 3.1 
4 16.7 .91 4.9 
4 16.7 1.08 5.8 
0 0.0 .91 4.9 
4 16.7 1.66 9.0 
0 0.0 1.25 6.7 
6 25.0 2.08 11.3 
2 8.3 1.50 8.1 
2 8.3 1.58 8.5 
2 8.3 5.16 28.0 
24 18.4 
21.3 20.4 
Table E-5. Durations of single threat encounters defined by T < 60 sec. 
and V " < 60 kt 
t 
I 
HOUR I AVG. 13 VALUES HOUR HOUR HOUR HOUR HOUR HOUR 5 6 7 8 9 10 HOUR 11 
N %  
HOUR 
12 




























































































































































N %  N % N  %  










































































































0 0 0 
0 0 0 
00 0 
0 .1 .7 
0 0 0 
0 .7 5.0 
00 0 
0 .2 1.4 
0 .3 2.1 
28.6 1.0 7.1 
0 .5 3.5 
0 .3 2.1 
0 1.9 13.5 
0 1.0 7.1 
0 1.5 10.6 
71.4 6.9 49.2 
12.5 ' 4 14.3 
12.5 0 0 
0 6 21.4 
75.0 6 21.4 
0 0: 2 
0 01 2 25.0 0 
25.0 12 
7 14.0 
+ 10.9 12.9 
24 30 
AVERAGE 
DURATION / 240 1 13.0 / 6.4 ; 18.9 i 16.0 12. 6.4 
- 
Table E-6. Durations of single threat encouncer~ by R c 1000. 
DURATION HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR 




THAN N %  N %  
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 1.7 0 0 
11 18.6 4 10.3 
1 1.7 1 2.6 
3 5.1 5 12.8 
3 5.1 2 5.1 
5 8.5 4 10.3 
3 5.1 4 10.3 
4 6.8 4 10.3 
1 1.7 0 0 
5 8.5 11 28.2 
7 11.9 0 0 
15 25.4 4 10.3 
N  o 7 N %  N  x N x 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 1.8 
0 0 2 3.8 2 5.6 2 3.5 
1 1.2 1 1.9 1 2.8 1 1.8 
2 2.4 4 26.4 0 0 1 1.8 
8 9.4 .5 28.3 8 22.2 10 17.5 
2 2.4 2 3.8 2 5.6 3 5.3 
2 2.4 2 3.6 3 8.3 7 12.3 
3 3.5 0 0 0 0 7 12.3 
1 1.2 3 5.7 2 5.6 2 3.5 
10 11.8 2 3.8 4 11.1 0 0 
9 10.6 0 0 0 0 4 7.0 
a 9.4 a 15.1 0 0 9 15.8 
6 7.1 1 1.9 0 0 4 7.0 
11 12.9 2 3.8 4 11.1 0 0 
22 25.9 1 1.9 10 27.8 6 10.5 


































N  %  N x N x 
0 0 0 0 
1 1.5 0 0 
2 1.1 0 0 
2 1.1 0 0 
5 2.7 0 0 
22 11.8 0 0 
6 3.2 0 0 
14 7.5 2 16.7 
19 10.2 2 16.7 
9 4.8 4 33.3 
lb 8.6 0 0 
20 10.8 0 0 
22 11.8 0 0 
15 8.1 0 0 
9 4.8 0 0 
24 12.9 4 33.3 







































39 85 53 36 57 72 








































































HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR AVG. 
2 3 4 5 6 7 8 9 10 11 12 13 VALUES 






















































N %  N %  N %  
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2 7.1 0 0 
0 0 0 0 
0 0 0 0 
0 0 2 100.0 
2 7.1 0 0 
2 7.1 0 0 
2 7.1 0 0 
2 7.1 0 0 
4 14.3 0 0 
8 28.6 0 0 
6 21.4 0 0 


















0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 2 11.8 0 0 
1 1.5 0 0 1 4.2 
1 1.5 5 29.4 0 0 
2 3.1 5 29.4 6 25.0 
0 0 1 5.9 2 8.3 
2 3.1 0 0 0 0 
3 4.6 1 5.9 1 4.2 
0 0 0 0 0 0 
8 12.3 0 0 2 8.3 
6 9.2 1 5.9 4 16.7 
8 12.3 0 0 2 8.3 
4 6.2 0 0 0 0 
12 18.5 2 11.8 2 8.3 






































































65 17 24 6 28 2 28 81 6 





Table E-7. Durations of single threat encounters defined by S c 1000 and (AA\ < 500 ft. 
L 
1 
Table E-8. Durations of single threat encounters def ined by 0  <  1000 










80  100 
60  80  
40  60  
36  40  
32  36  
28  32  
24  28  
20  24  
16  20  
12  16  
8  12  
4  8  








0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  
HOUR j HOUR 
7 ‘ 1- 
N %  N %  
0 0  0 0 
0 0  0 0 
0 0  0 0 
0 0  0 0 
0 0  0 0 
0 0  0 0 
0 0  0 0 
0 0  1 9.1 
0  0  0  0  
0  0  0  0  
0  0  1  9.1 
0  0  2  18.2 
0  0  0  0  
0  0  2  18.2 
6  60.0 2  18.2 






HOUR 1 HOUR 
5 6  
-- 
N %  N %  
0  0  
0  0  
0  0  
0  0  
0  0  
4  12.5 
0  0  
0  0  
2  6.2 
2  6.2 
2  6.2 
4  12.5 
4  12.5 
2  6.2 




0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
2  20.0 
2  20.0 
2  20.0 
0  0  
2  20.0 






HOUR HOUR HOUR HOUR HOUR 
7 a  9  10  11  
N %  N %  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
2  10.0 
0  0  
2  10.0 
0  0  
2  10.0 
2  10.0 




N %  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
2  100.0 
0  0  
0  0  
0  0  
0  0  
2  
20.0 
N 5". N 9: 
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
2  14.3 
4  28.6 
0  0  
0  0  
0  0  
0  0  

































0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
2  5.6 
4  11.1 
2  5.6 
2  5.6 
16  72.2 
14 
13.1 






0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  - 
0  
0 01 0 
0 0 0 
0 0 0 
0 0' 0 
0 0 0 
0 0 .5 
0  O/ O 
0  01  .l 
0  0' .3 
0  0  .3 
0  0  .9 
0  0  1.0 
2  20.0 1.3 
2  20.0 1.1 
0  0  1.5 
6  60.0 6.5 
0 
0 














10  13.7 
8.0 I 11.7 





HOUR HOUR HOUR 





HOUR HOUR HOUR HOUR AVG. 
10 11 12 13 VALUES 

































.0.8 19.6 1 
64 55.2 
20.6 27.9 I 


























N %  N  %  
180 m  0 0 0 0 
120 180 0 0 0 0 
100 120 0 0 0 0 
80 100 1 2.1 0 0 
60 80 0 0 0 0 
40 60 6 12.5 5 15.6 
36 40 4 8.3 5 15.6 
32 36 0 0 1 3.1 
28 32 3 6.2 0 0 
24 28 6 12.5 2 6.2 
20 24 2 4.2 6 18.7 
16 20 3 6.2 0 0 
12 16 3 6.2 3 9.4 
a 12 1 2.1 0 0 
4 8 5 10.4 4 12.5 
0 4 14 29.2 6 18.7 
=k 
TOTAL 




22.7 1 25.7 




























































































































































11.3 ; 2 8.0 
1.9 0 0 
5.7 I 2 8.0 
3.8 4 16.0 
4 11.8 : 4 
6 17.6 : 4 
‘F=== / 
53 ; 25 
I 
I 
53 ) 60 
I 
34 ' 55 14 
+ I 
43.0 38.7 34.2 34.8 27.9 29.3 ~ 26.6 1 






























HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR 
2 3 4 5 6 7 8 9 10 11 12 13 


















N x N %  
0 0 0 0 
0 0 0 0 
2 11.1 0 0 
1 5.6 1 5.6 
5 27.8 0 0 
2 11.1 6 33.3 
0 0 0 0 
1 5.6 0 0 
2 11.1 1 5.6 
0 0 2 11.1 
0 0 0 0 
1 5.6 2 11.1 
2 11.1 4 22.2 
0 0 0 0 
2 11.1 0 0 
0 0 2 11.1 

















N %  N %  N  . 7 N a 7 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2 14.3 0 0 
2 14.3 0 0 
0 0 0 0 
2 14.3 0 0 
2 14.3 0 0 
0 0 2 2 
0 0 0 0 
2 14.3 0 0 
0 0 0 0 
0 0 0 0 
4 28.6 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 2 11.1 
0 0 2 11.1 
0 0 2 11.1 
0 0 2 11.1 
0 0 0 0 
0 0 2 11.1 
0 0 2 11.1 
0 0 0 0 
2 20.0 2 11.1 
2 20.0 0 0 
6 60.0 4 22.2 
0 0 0 0 
0 0 0 0 
0 0 1 1.8 
0 0 0 0 
0 0 0 0 
0 0 4 7.0 
2 9.1 1 1.8 
0 0 2 3.5 
0 0 5 a.8 
2 9.1 3 5.3 
0 0 3 5.3 
2 9.1 6 10.5 
4 18.2 7 12.3 
4 18.2 3 5.3 
4 18.2 5 8.8 
















.4 36.8 1 








































-#.*^ I . , . .  c - 1 1  h  __ . . .  i^ . .^  ^ E  _I . .^  I^  rl.-^“c ^. .^^. .“enrc A n F i n . r A  h” r <  3 5  set a n d  V n  <  1 6 7  kt. 
l- 
H O U R  H O U R  H O U R  H O U R  H O U R  A V G .  
9  1 0  1 1  1 2  1 3  V A L U E S  
N  %  N  %  
0  0  0  0  
0  0  0  0  
2  9 .5  0  0  
0  0  0  0  
0  0  2  5 .4  
0  0  2  5 .4  
2  9 .5  0  0  
0  0  2  5 .4  
1  4 .8  1  2 .7  
1  4 .0  0  0  
0  0  6  16 .2  
2  9 .5  3  8 .1  
3  14 .3  0  0  
2  9 .5  4  10 .8  
0  0  4  10 .8  
a  38 .1  3  35 .1  
N  %  
0  0  
0  0  
0  0  
0  0  
2  1 .8  
2  1 .8  
1  .9 
7  6 .1  
3  2 .6  
3  2 .6  
5  4 .4  
6  5 .3  
3  2 .6  
.s 13 .2  
!2 19 .3  
I5 39 .5  
1 1 4  
N  I 
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
0  0  
2  3 3 - 3  
0  0  
0  0  
0  0  
4  66 .7  
N  x N  x 
0  0  0  0  
0  0  .2 .4 
0  0  .2 .5 
2  5 .0  .l :2 
0  0  1 .1  2 .7  
1  2 .5  2 .5  6 .1  
1  2 .5  .7 1 .7  
0  0  2 .1  5 .1  
0  0  1 .8  4 .4  
4  10 .0  1 .5  3 .6  
0  0  1 .5  3 .6  
0  0  2 .5  6 .1  
4  10 .0  2 .1  5 .1  
1  2 .5  4 .0  9 .8  
6  15 .0  4 .5  10 .0  
!l 52 .5  5 .4  37 .9  
H O U R  H O U R  H O U R  H O U R  H O U R  H O U R  H O U R  
2  3  ‘ 5  6  7  8  
40 .6  
18 .0  
4 0  
14 .3  
6  3 7  
-- 
17 .9  
N  %  N  %  N  %  N  %  N  %  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  2  3 .6  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  1  2 .0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  2  3 .6  0  0  3  6 .7  4  a .2  
2  6 .7  4  9 .5  7  12 .7  3  13 .0  1  2 .2  a  16 .3  
0  0  0  0  2  3 .6  0  0  0  0  0  0  
0  0  4  9 .5  2  3 .6  0  0  4  6 .9  6  12 .2  
0  0  0  0  6  10 .9  3  13 .0  4  8 .9  0  0  
0  0  0  0  3  5 .5  3  13 .0  0  0  0  0  
0  0  0  0  6  10 .9  2  8 .7  0  0  0  0  
4  13 .3  0  0  4  7 .3  2  8 .7  4  a .9  4  a .2  
2  6 .7  0  0  1  1 .8  4  17 .4  3  6 .7  6  12 .2  
2  6 .7  4  9 .5  4  7 .3  2  a .7  6  13 .3  9  18 .4  
2  6 .7  6  14 .3  5  9 .1  0  0  6  13 .3  4  a .2  
a  60 .0  !4 57 .1  1  20 .0  4  17 .4  1 4  31 .1  '7 14 .3  
4 2  5 5  2 3  4 5  4 9  2 1  
13 .3  28 .3  22 .4  18 .8  26 .8  23 .8  
D U R A T I O N  
( S E C )  
M O R E  B U T  
T H A N  N O T  
H O R E  
T H A N  
1 8 0  - 
1 2 0  1 8 0  
1 0 0  1 2 0  
8 0  1 0 0  
6 0  8 0  
4 0  6 0  
3 6  4 0  
3 2  3 6  
2 8  3 2  
2 4  2 8  
2 0  2 4  
1 6  2 0  
1 2  1 6  
8  1 2  
4  8  
0  4  
T O T A L  
E N C O U N T E R S  
A V E R A G E  
D U R A T I O N  
N  %  
3 0  
10 .7  























7 .7  
0  
15 .4  






61 .5  1  
2 6  
1  14 .8  13 .3  9 .3  
0 = No odditionol 
discrimination 
-0 IO 20 30 40 50 60 70 80 
ENCOUNTER DURATION, SECONDS 
Fig. E-l. Cumulative distribution of encounter durations with an encounter 
defined by range < 4 nm and additional discrimination as indicated -- 
all hours combined. 
0 = V, <GOKTS j 
a= IAAl<500ft. 
0 = No additional 
discrimination 
I.-. .- _ 
1 60 70 80 
ENCOUNTER DURATION, SECONDS 
Fig. E-2. Cumulative distribution of encounter durations with an encounter 
defined by 'I < sets and additional discrimination as indicated -- 
all hours combined. 
263 
I - 
Table F-l. Summary of encounter statistics for warning 
criteria as shown. Data is from hour 2. The 
total flying time recorded this hour was 536 
minutes and the average flying time was 12.8 
minutes. 'Nomenclature for the table is given 
on p. 265. 
-- -- 
WARNING CRITERIA 
RANGE TAU- BETA MOD. TAU ADDITIONAL 
DISCRIMINATION R<4nm T < 60 set R2, < 1000 T < 35 se 
2 m (nm) set 
NONE 
.040 P - -034 
ALTITUDE 
DIFFERENCE LESS 




OF 1 MILE 
T < 60; Vn < 60 
R2r < 1000; x/R < .OOl 
MODIFIED TAU- 
NORMAL VELOCITY N = 26 
FOR U - +G N/A N/A N/A 
t = 14.8 
IJ = .048 
T < 35.SEC pr = .46 m 
P- .Oll 
V < 167 KTS n 
-. 
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Table F-2. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 3. The total flying time 
recorded this hour was 360 minutes and the average 
flying time was 6.2 minutes. Nomenclature for the table 






THAN 500 FT. 




OF 1 MILE 
T < 60; V < 60 n 




FOR U - +G 
Tcni < 35 SEC 




N = 66 
t, = 75.3 
p = .18 
pr = .68 
p - .23 
N = 27 
t = 36.1 
P = ,075 






T < 60 set R2, < 1000 
I (nm)2sec 
N = 29 N = 39 
t = 31.3 t = 24.0 
P = .081 p = .ll 
Pr - .39 Pr = .49 
P- .041 P - .043 
N=4 N=4 
t = 10.0 t = 22.0 
P = .Oll 
pr = .07 p; I :;:' 
P= .002 p = .004 
N=8 N = 10 
t = 13.0 t = 6.4 
u = .022 p = .028 
Pr = .13 Pr = .16 
P = .004 P = .003 
N/A N/A 
MOD. TAU 
T < 35 set m 
N = 32 
t = 25.7 
p = .089 
Pr = .42 
P - .037 
N=2 
t = 24.0 
,, = .006 
pr = .03 
p = .002 
N/A 
N = 30 
t - 10.7 
p = .083 
Pr = .40 
F = .012 
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Table F-3. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 4. The total flying 
time recorded this hour was 841 minutes and the average 
flying time was 14.5 minutes. Nomenclature for the 
table is given on p. 265 




N- 157 N = 58 
t,= 104 t = 15.7 
p 9 .19 !J= -069 
pr a .93 pr - .63 
P- .32 P- .017 
ALTITUDE N = 121 N = 34 
DIFFERENCE LESS t 9 101 t a 12.7 
THAN 500 FT. p = .14 
pr = -88 
JAA/ < 500 p- .24 
APPROXIMATE 
PROJECTED N = 16 
MISS DISTANCE t = 6.5 
OF 1 MILE N/A P = .019 
pr = .24 
T < 60; V < 60 n P- .002 
R2r < 1000; k/R < .OOl 
MODIFIED TAU- 
NORMAL VELOCITY 
FOR U = +G N/A N/A 
T m < 35 SEC 
Vn < 167 KTS 
BETA 
R2, < lOO( 
2 (nm) set 
N = 85 
t = 19.7 
!J' .lO 
pr - .77 
P- .032 
N a 65 
t e 16.6 
)J = .077 
pr a -67 
P= .021 
N - 11 
t = 13.8 
P' .013 
Pr - .17 
p - .002 
N/A 
MOD. TAU 
T < 35 se m 
N = 70 
t = 17.2 
LJ = .083 
pr = .70 
P - .024 
N = 46 
t a 14.6 
P 9 .055 
pr 9 -55 
p = .013 
N/A 
N - 42 
t P 13.3 
p I .050 
pr - .52 
p - .OlO 
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Table F-4. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 5. The total'flying 
time recorded this hour was 496 minutes and the average 
flying time was 7.8 minutes. Nomenclature for the 






THAN 500 FT. 




OF 1 MILE 
T c 60; Vn < 60 




FOR U - +G 
T m < 35 SEC 






N = 80 
t. = 80.9 
p a .16 
pr = .72 
p 9 .21 
N = 41 
t = 41.9 
CI = .083 








T < 60 set 
N = 55 
t = 33.7 
!J E -11 
pr a -58 
p - .061 
N = 23 
t = 32.0 
P: - I .30 046 
P = .024 
N = 28 
t = 18.9 
P: I .056 3  




R2, < 1000 
2 (nm) set 
N = 53 
t = 46.6 
CI =: .ll 
pr = .57 
p - .081 
~ - 
N = 17 
t = 56.9 
p: - = .23 0 4 
F = .031 
N = 32 
t = 18.2 
p - .064 
Pr = .39 
P - .014 
N/A 
MOD. TAU 
T < 35 set m 
N = 53 
t = 43.0 
p = .ll 
Pr = .57 
P - .075 
N = 18 
t = 52.4 
p = .036 
Pr = .25 
P = .030 
N/A 
N = 55 
t - 28.3 
lJ = .lll 
pr = .58 
p - .040 
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Table F-5. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 6. The total flying 
time recorded this hour was 238 minutes and the 
average flying time was 6.1 minutes. Nomenclature for 









OF 1 MILE 
R2~ < 1000; E/i < ,001 
MODIFIED TAU- 
NORWL VELOCITY 
FOR U - &G 
T < 35 SEC m 
Table F-6. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 7. The total flying time 
recorded this hour was 567 minutes and the average 
flying time was 7.8 minutes. Nomenclature for the table 






THAN 500 FT. 




OF 1 MILE 
T < 60; V < 60 n 
ROT < 1000; 'd/i I; .OOl 
MODIFIED TAU- 
NORMAL VELOCITY 
FOR U - :3G 
Tin < 35 SEC 
Vn < 167 KTS 
RANGE 
R<4nm 
N a 138 
t = 62.9 
,i' = . 24 
N = 51 
t = 37.5 
p = .090 
pr = .50 




I TAU BETA 
T < 60 set R2, < 1000 
2 Cnm) set 
N=60 N = 57 
t = 30.7 t = 34.2 
.ll 
'p= 44 
p = .lO 
'Pr- * pr = -54 
p I -052 p I .055 
N = 13 N=6 
t = 8.9 t = 13.3 
!J = .023 - .Oll 
pr 2 -16 p: : .08 
p = .034 p = .002 
N = 16 N - 14 
t = 15.5 t = 13.1 
I-1 = .028 IJ = .025 
Pr = .20 Pr = .18 
P - .005 P = .004 
N/A N/A 
HOD. TAU 
~ T < 35 set m 
N = 53 
t=34.2 
p = .093 
pr z -52 
p a .052 
N = 10 
t = 6.4 
- .018 
p; I -13 
p = .002 
N/A 
N = 45 
t = 18.8 
i pE.079 
~ Pr = .46 
~ Pe.019 
Table. F-7. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 8. The total flying time 
recorded this hour was 510 minutes and the average 
flying time was 8.9 minutes. Nomenclature for the 






THAN 500 FT. 




OF 1 MILE 
T < 60; V < 60 n 
R2~ < 1000; k'/R < .OOl 
MODIFIED TAU- 
NORMAL VELOCITY 
FOR U - &G 
T m < 35 SEC 





t = 87.7 
u 9 .19 
pr a .81 
P-m 27 
N = 45 
t - 68.4 
p = .09 






T < 60 set 
N = 68 
t = 32.0 
IJ = . 13 
pr = .69 
P- .069 
N = 28 
t = 20.0 
p = .055 
Pr = .39 
P = .018 
-- 
N = 27 




R2, < 1000 
2 (nm) set 
N a 72 
t = 31.4 
p = .14 
Pr = .71 
P- .073 
N = 28 
t = 14.9 
)J = .055 
Pr = .39 
P = .014 
-__ 
N = 20 
t 9 11.2 
p a .039 
pr = -30 
p - .006 
N/A 
HOD. TAU 
T < 35 se m 
N a 60 
t = 34.8 
lJ = .12 
Pr - .65 
P - .067 
N = 18 
t = 24.0 
p = .035 
Pr = .27. 
P = .014 
N/A 
N a 49 
t g 26.8 
.096 
F; : .58 
p - .035 
,--..--.. ., _-._-- . . . . . .-. I. , . . _.._. . . . .._.. -.- _-.... --_-... _--.- . --------.---- 
Table F-8. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 9. The total flying time 
recorded this hour was 437 minutes and the average 
flying time was 7.5 minutes. Nomenclature for the table 










OF 1 MILE 
R2r < 1000; K'/R < .OOl 
MODIFIED TAU- 
NORMAL VELOCITY 
FOR U - +iG 
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Table F-9. Summary of encounter statistics for warning criteria 
as shown. Data is from hour 10. The total flying 
time recorded this hour was 742 minutes and the average 
flying time was 11.8 minutes. .Nomenclature for the table 







THAN 500 FT. 




OF 1 MILE 
T < 60; Vn < 60 
R2r < 1000; g/k < .OOl 
MODIFIED TAU- 
NORMAL VELOCITY 
FOR U - +G 
T m < 35 SEC 






pr m -87 
'z m.21 
I TAU 















I N ~24 








R2, < 1000 






































laole r-Iv. hummary or encounter statistics ror warning criteria as 
shown. Data is from hour 12. The total flying time 
recorded this hour was 298 'minutes and the average 
flying time was 5.7 minutes. Nomenclature for the table 
is given on p.265. 
-. 
WARNING CRITERIA 
RANGE TAU BETA MOD. TAU 
ADDITIONAL 
DISCRIMINATION 
R<4nm T < 60 set R2r < 1000 'I < 35 set 
2 m (nm) set 
NONE 
N =44 N =14 N =12 N =14 
t. =49.9 t =17.1 t E22.0 t =14.9 
p -.15 p =.047 p =.04 p =.047 
Pr 3.57 pr -.24 Pr -.21 pr =.23 
p 9.12 P 0.013 P -.014 P 1.012 
ALTITUDE 
DIFFERENCE LESS 
THAN 500 FT. 
IAA/ c 500 
N =.16 N =2 N =6 N =4 
t =33.5 t =20.0 t c16.0 t E8.0 
p =.054 p =.OO? u =.020 p c.013 
pr E-26 pr z.04 pr =.ll pr =.07 
p =.03u p c.002 p c.005 p c.002 
._ 
APPROXIMATE 
PROJECTED N =O N =0 
MISS DISTANCE t =- t =- 
OF 1 MILE N/A p =o p -0 N/A 
Pr =0 Pr =0 
T < 60; Vn < 60 P=O P 0 I 
R2r < 1000; g/i < .OOl 
________~. -. -- 
MODIFIED TAU- 
NORMAL VELOCITY 
FOR U - &G 
T m < 35 SEC 









Table F-11. Summary of encounter statistics for warning criteria 
as shown. Data 1s from hour 13. The total flying 
time recorded this hour was 717 minutes and the average 
flying time was 14.9 minutes. Nomenclature for the 
table is given on p.265. 
WARNING CRITERIA 
RANGE TAU BETA MOD. TAU 
ADDITIONAL 
DISCRIMINATION R<4nm T < 60 set R2-c < 1000 ~~ < 35 se 2 (nm) set 
NONE 
N -148 N =56 N 586 N =64 
t. = 89.8 t c19.0 t ~20.7 t -20.6 
p -.21 P e.078 u =.12 p =.089 
pr a -95 Pr = .69 pr =.83 Pr a.74 
p -.30 p 1.024 p 1.041 P -.030 
ALTITUDE N =I11 N =24 N =56 N =38 
DIFFERENCE LESS t -73.4 t x21.3 t =17.1 t =15.6 
THAN 500 FT. lJ z.15 p =.033 p =.078 p =.053 
pr a.90 Pr =.39 pr =.69 Pr =.55 
IAA~ < 500 P =.19 P =.Oll p a.022 P =.014 
APPROXIMATE 
PROJECTED N 7 9 N -10 
MISS DISTANCE t -10.9 t =8.0 
OF 1 MILE N/A p t.010 p 1.014 N/A 
Pr -.14 Pr -.19 
T < 60; Vn < 60 p -.002 p 1.002 
R2~ < 1000; ii/i < .OOl 
MODIFIED TAU- 
NORMAL VELOCITY N -40 
FOR U - +G N/A N/A N/A 
t -14.3 
P -.056 
T < 35 SEC Pr a.57 m p '-012 
'n < 167 KTS 
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Table F-12. Summary of encounter statistics for warning criteria 
as shown. Data is the average of all 12 hours. The 
total flying time recorded was 119 hours and the 
average flying time was 9.75 minutes. Nomenclature 




--- I. -i_.- -----,. ..-.- -. 
ALTITUDE 
DIFFERENCE LESS 
THAN 500 FT. 
IAA/ < 500 




OF 1 PIILE 
T < 60; V < 60 n 
R2~ < 1000; R/R < .OOl 
MODIFIED TAU- 
NORMAL VELOCITY 
FOR U = $G 
T < 35 SEC .m 




N = 103.1 
t = 87.8 
kJ= .19 
Pr = .84 
P= .26 
N = 62.3 
t = 59.8 
p; : ::: 
p = .116 





T ( 60 set 
N = 53.1 
t = 26.8 
u = .097 
Pr = .61 
P = .0425 
------- 
N = 18.4 
t E 17.0 
- .034 
p: I .28 
p = .013 
----- 
N = 14.3 
t = 12.6 
p = .026 
pr = .225 








2 (nm) set 
N = 65.8 N = 55 
t = 28.2 t = 28 
1-1= .12 l- =.lO 
Pr = .69 Pr =.625 
P = .054 P =.046 
N = 28.1 
t = 23.2 
p; I :;;' 
p = .018 
N = 13.75 
t = 10.3 
p = .025 
Pr = .22 
P = .004 
N/A 
HOD. TAU 
T < 35 se1 m 
N = 20.9 
t = 21.0 
- 
p; : :;:" 
p = .013 
N/A 
N = 40.7 
t = 17.8 
p = .074 
Pr = .52 
P = .019 
--- -..-. 
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